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INTRODUCTION  (U) 


(S)  A  tive-day  meeting  was  held  on  18-22  May  1970  at  the  Raytheon  Company  Spencer  Laboratory, 
Burlington,  Mass.,  under  the  sponsorship  of  the  Advanced  Research  Projects  Agency  and  the  US  Navy. 
Mr.  A.  Van  Every  of  ARPA  was  chairman.  The  papers  are  published  in  four  sections,  divided  into  the 
following  subject  areas; 


Section  1. 
Section  2. 


Section  3. 
Section  4. 


Executive  Summary 
Suinnaiy  of  Papers 
Program  Objectives 
Theory  and  Measurements 
Fleet  Air  Defense 
Buoy  Tactical  Early  Warning 
Panel  Reports 
Task  Abstracts 


(C)  These  meetings  are  regularly  held  to  allow  contractors  and  government  agencies  active  in  surface 
wave  radar  research  to  exchange  information  and  report  their  findings. 

(U)  A  list  of  attendees  is  given  at  the  end  of  Section  1. 

(U)  Copies  of  these  Proceedings  may  be  requested  through  the  Office  of  Naval  Research,  Department 
of  the  Navy,  Washington,  D.C.  20360,  Attn:  Code  418. 
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EXECUTIVE  SUMMARY  <U) 


1  PROJECT  MAY  BELL  OVERVIEW  (U) 


(S)  lYujcct  MAY  BELL  is  directcJ  towards  ocean  surveillance  and  tactical  early  warning  and  is  in¬ 
vestigating  the  feasibility  of  detecting  and  tracking  aircraft,  missiles,  ships  and  submarines  at  over-the- 
hori/on  distances  using  HF  monostatic  and  bistatic  radar^ 

I U)  Concepts  using  tiie  basic  gaometric  configurations  shown  in  Figure  I  are  being  explored. 

|(U)  In  support  of  these  concepts  various  theoretical  predictions,  propagation  measurements,  cross- 

j  section  studies  and  feasibility  detection  demonstrations  have  been  made. 

(S)  The  program  emphasis  during  the  past  eighteen  months  has  been  specifically  directed  towards 
determining  the  attenuation  and  clutter  propagation  aspects  that  apply  to  the  concepts  that  use  the  sur¬ 
face  wave;  and  investigating  the  basic  feasibility  of  detecting  and  tracking  aircraft  using  Mode  HI.  Fleet 
ir  Defense  (FAD),  and  Mode  IV  (a)  and  (b).  Buoy  Tactical  Early  Warning  (B-TEW). 


K 


(U)  The  various  efforts  and  their  relation  and  importance  to  the  basic  geometric  con^gurations  are 
shown  in  Figure  2. 


II  SUMMARY  OF  RESULTS  (U) 

A.  Theory  and  Measurements  (U) 

I.  Pith  Loa  (U) 

(O  Measurements  of  received  signal  strength  were  made  over  a  3(X)-km  path  extending  from  Carter 
Cay  in  the  Bahamas  to  the  receiving  site  at  Cape  Kennedy.  Rorida.  Detailed  measurements  extended 
from  January  through  March,  1970. 

(Cl  The  mean  signal  strength  measurements  agree  well  with  predicted'  received  signal  strengths  in  ab¬ 
solute  level.  The  spread  of  points  about  the  mean  conforms  to  loss  predictions  versus  sea  state  at  5  and 
and  10  MHz.  Insufficient  data  were  available  at  IS  and  20  MHz  to  permit  comparisons.  Day-to-day 
correlation  of  measured  signal  level  with  sea  state  was  not  reliable  because  cmly  crude  hindcast  date  was 
availaMe  on  sea  state.  System  drifb  are  concluded  to  be  less  than  2  dB.  Effects  of  ducting  on  measured 
signal  strengths  are  unknown.  Possible  spectral  broadening  of  the  direct  signal  by  the  moving  sea  during 
high  sea  states  appeared  on  some  records. 


MODE  II 

SURFACE  VKAVE  -  SURFACE  WAVE 


MODE  ni 

SKY  WAVE  '  SURFACE  WAVE 


(S)  Fifurtl.  Bask Geomctrk  Confifuralions  iV) 


TASK 


ORGANIZATION 


OBJECTIVE 


A.  nu’ory  &  Measurements 

1. 

Attenuation  &  Clutter 
Calculations 

BMI 

Determine  surface  wave  attenuation  and 
clutter  as  a  function  of  sea  state,  frequency, 
and  range 

Clutter  measurements 

ESSA 

Obtain  simultaneous  multifrequency  back- 
scatter  sea  clutter  measurements 

.t. 

Attenuation  &  Clutter 
Measurements 

Raytheon/ 

APL 

Obtain  bistatic  clutter  and  path  loss  measure¬ 
ments  as  a  function  of  distance  and  frequency 

4. 

Attenuation  Over 
Irregular  liihomogenous 
Terrain 

ESSA 

Calculate  the  extra  path  loss  for  surface 
waves  over  irregular  inhomogenous  terrain 

5. 

Cross  Section  Studies 

SRI 

C'ompile  and  evaluate  known  cross-section 
information  on  SLBM 

6. 

Ship  Model  Measure- 
ments 

SU 

Calculation  and  model  measurements  ol  two 
typical  ship's  cross-section  as  a  function  of 
aspect,  and  frequency  and  polarization 

7. 

Ship  Cross  Section 

NRL 

Measurement  of  the  actual  ship  cross-section 
with  the  MADRE  radar 

8. 

Wake  Study 

ESSA 

Theoretical  investigation  of  the  HF  radar 
cross-sections  of  ship  and  submarine  wakes 
as  a  function  of  frequency  and  aspect 
anjde 

B.  Reel  Air  Defense 

1. 

Feasibility  Demon¬ 
stration  Test 

ITT/NRL/APL 

Initial  feasibility  demonstration  of  llect  air 
defense  concept  using  sky  wave  illumination 
with  a  distant  transmitter  and  bistatic  re¬ 
ception  with  close  in  receiver 

> 

Ship  Detection 

NRL 

Investigation  of  detecting  ships  on  a  Doppler 
basis  using  the  MADRE  radar. 

3. 

Ship  Detection 

SU 

Investigating  the  detection  of  ships  on  a 
power  basis  using  FM/Ok  high  resolution 
technique. 

(S)  Figure  2.  PirticipatinfOrgaiiuationk.  Tacks  and  Obiecthres(U) 
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TASK 

OP.GANIZATION 

OBiECTIVES 

C.  Buoy  Tactical  Early 
Warning  (BTEW) 

1.  BTEW  Feasibility 
Demonstration  No.  1 

Raytheon/ APL 

Investigating  the  feasibility  of  detec  ting 
and  tracking  aircraft  at  short  ranges 
using  a  hiioy  hased  transmitter  and  land- 
based  rci.  elver  using  surface  wave  incnle 

2.  BTEW  Feasibility 
Demonstration  No.  2 

Sylvania 

Investigating  the  feasibility  of  detecting 
and  tracking  at  tong  range  using  a  huoy- 
based  transmitter  and  a  land-based 
rcce-iver  using  skywave 

1).  Hanning  and  Coordin¬ 
ation 

APL 

Technical  assistance  to  ARPA  in  the 
overall  planning,  and  coordination  of 
program 

(S»  Figure  2.  Participating  Organi/ations.  Tasks  and  Objci  tives  (cunt)  (LI) 


2.  Sea  Gutter  (U) 

(C)  Sca-scattercd  energy  was  observed  a*.  5  and  10  ^Iriz.  with  transmissions  both  from  a  buoy  nux'rcd 
I  20  km  from  the  shore  and  from  Carter  Cay.  The  observations  were  made  both  with  CW  signals  and 
phase-coded  !.ignals.  the  latter  with  effective  pulse  lengths  of  25  and  200  ps, 

(C)  Tile  transmissions  from  the  buoy  proved  consi  crably  more  important  because  the  scatter  area 
near  the  nuoy  is  deep  ocean  water,  rather  than  land  or  shoals,  as  in  the  case  of  the  Carter  Cay  trans¬ 
missions.  The  signal  spectrum  showed  that  the  sea  A;atter  was  conimed  to  two  bands,  or  “pedestals  ', 
tenths  of  a  hertz  wide  and  located  symmetrically  within  *;  hertz  of  the  carrier;  these  observations  agree 
with  theory  and  predictions  relating  the  Doppler  shifts  to  the  velocities  of  the  Bragg  resonant  ocean 
waves  responsible  for  scattc*’.  The  observed  intensity  for  the  sea  clutter  signal  corresponds  to  an  average 
-cattcring  crovs-scction  per  unit  area.  0° ,  of  between  -24  and  -30  dB.  this  agrees  with  a  predicted  upper 
limit  of  -  23  dB. 
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SECRET 


li.  Fleet  Air  Defense  and  Ship  Detection  (U) 

1.  Reet  Air  Defense  (FAD)  (U) 

( S)  Detection  of  low-tlying  threats  to  surface  vessels  at  a  range  sufficient  to  give  useful  warning  time 
and  tracking  information  is  a  problem  which  must  be  solved  if  the  surface  navy  is  to  survive.  Because  of 
the  advantage  of  denying  the  enemy  the  opportunity  of  using  simple  direction  finding  techniques  to 
kK'ate  tleet  units,  it  is  desirable  that  the  solution  not  require  radiation  from  the  licet. 

(S)  The  feasibility  of  using  a  hybrid  (sky-wave/surface  wave)  system  to  solve  this  problem  has  been 
dcmonslrated  during  FY  70  as  part  of  the  MAY  BELL  Program.  In  this  concept,  the  target  is  illuminated 
by  sky-waves  from  transmitters  (either  shipborne  or  land-based)  located  over-the-horizon  at  ranges  of 
perhaps  1000-2000  km.  Surface  waves  which  propapte  from  the  target  to  a  receiving  system  aboard  a 
ship  permit  detections  to  be  made  even  when  the  target  is  below  Il:e  line  of  sight  radar  horizon. 

(S)  An  experiment  was  performed  at  Cape  Kennedy,  Florida,  where  a  shore-based  receiving  station 
was  used  to  simulate  the  shipboard  environment.  A  NavyP3V)aircraft  served  as  a  target  by  flying  off- 
sl  -re  in  a  series  of  controlled  flight  plans,  and  illumination  was  provided  by  the  MADRE  and  CHAPEL 
BELL  transmitters  located  respectively  in  Maryland  and  Virginia.  For  most  of  these  flights  the  target 
altitude  was  200  feet,  and  detections  were  made  at  ranges  as  great  as  100  km.  it  was  shown  to  be 
possible  to  track  the  target  in  both  range  and  azimuth  with  accuracies  of  about  5  nmi  and  one  degree 
(depending  on  SNR).  These  results  were  obtained  using  a  receiving/processing  system  which  was 
assembled  using  existing  equipment,  and  this  equipment  was  in  many  ways  not  well  matched  to  the 
experimental  requirements,  therefore,  these  results  should  not  be  taken  as  representing  the  capabilities 
or  the  limitations  of  a  properly  designed  system. 

(S)  The  dynamic  range  requirements  imposed  by  the  necessity  of  receiving  small  target  echoes  in  the 
presence  of  the  incident  sky-wave  and  of  clutter  were  found  to  be  well  within  the  capability  of  existing 
technology.  Cross-polarized,  bistatic  target  cross  sections  were  also  found  to  be  of  sufficient  magnitude 
(up  to  100  m^  for  the  P3V)  to  permit  detection.  Gutter  was  found  to  be  composed  primarily  of  the 
resonant  spectral  lines  which  are  generally  well  understood  in  terms  of  existing  theory. 
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2.  Ship  Detection  (D) 

(S)  Iho  following  is  a  summary  of  the  various  HF  propagation  techniques  considered  for  ship  deietlion 

(S)  Monostatic  Cjroundwave  Radar  has  demonstrated  a  capability  for  the  detection  of  surface  vessels. 
On  the  ocean  (away  from  land),  it  is  predicted  that  very  modest  systems  (two  element  antennas  and  a 
lew  hundred  watts  average  power)  can  provide  detections  beyond  50  nmi.  The  limits  of  location 
accuiacv .  particularly  in  azimuth,  have  not  been  studied. 

(S)  Monostatic  Sky  wave  Radar  has  demonstrated  a  capability  for  detecting  ships  at  one  hop  refraction 

ranges  out  to  more  than  1000  nmi.  This  has  been  done  with  coarse  spatial  resolution  (60  nmi  by 
1  2-degree  c  'll)  and  fine  Doppler  (O.i  Hz  and  smaller)  resolution.  If  higher  spectral  resolution  is  employed, 
it  is  predicted  that  good  ocean  traffic  surveys  can  be  made  on  a  daily  basis.  Optimum  balance  between 
the  several  forms  of  resolution  has  not  been  studied. 

(S)  Hybrid  tests  using  skywave  illumination  to  the  target  and  groundwave  propagation  from  target 
to  receiver  have  been  conducted.  Examination  of  reference  targets  on  the  surface  and  of  returns  from  the 
sea  permit  some  predictions.  It  appears  that  a  hybrid  bistatic  system  can  (in  addition  to  its  primary 
function  of  detecting  A/C,  SSM,  and  ASM)  provide  a  surface  vessel  detection  capability.  That  is,  a 
“quiet”  fleet  unit  equipped  with  the  bistatic  system  could  have  many  of  the  sensing  abilities  ordinarily 
provided  by  conventional  active  radar  plus  additional  capabilities. 

(S)  It  is  recommended  that  the  propagation  of  monostatic  skywave  radar  illumination  of  the  area 
around  a  fleet  unit  be  further  tested.  In  particular,  determinations  of  the  possibilities  of  ship  unit  obser¬ 
vation  of  any  attacking  missiles  or  missile  boat  detections  should  be  made.  These  tests  should  study 
contributions  gained  from  the  various  forms  of  high  resolution  techniques  and  the  requirements  for 
real-time  ionosphere  assessment  for  optimum  illumination. 

(S)  The  bistatic  hybrid  surface  wave  concept  should  be  tested  in  the  ship-mounted  environment; 
such  tests  could  be  concurrent  with  the  monostatic  tests.  The  potential  of  slow  target  detection  should 
be  confirmed  and  thoroughly  described. 
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C.  Buuy  Tactical  Early  Warning  (BTEW)  (S) 

1.  BTEW-I  (U| 

(S)  The  BTEW-l  concept  involves  detection  of  low  flying  aircraft  at  OTH  distances  by  illuminating 
the  target  with  a  transmitter  located  on  an  off-shore  buoy  and  reception  of  the  target  echo  signal  at  a 
shore  based  receiver  site  via  a  ground  wave  propagation  mode.  Feasibility  tests  were  conducted  off  the 
f'lorida  coast  using  a  transmitter  heated  on  Carter  Cay  (just  north  of  fJrand  Bahama  Island)  and  a  re¬ 
ceiving  station  at  Cape  Kennedy.  The  path  length  was  300  km  and  the  target  was  a  Navy  P3V  Aircraft. 

(S)  fhe  feasibility  tests  were  successful  and  demonstrated  that  standard  radar  calculation  techniques, 
with  application  of  Barricks’  loss  model  could  be  used  with  reasonable  confidence,  to  describe  the 
coverage  afforded  by  the  BTEW-l  concept.  The  tests,  then,  established  and  validated  a  model  for  calcu¬ 
lating  coverage. 

(S)  Several  variations  of  the  original  concept  were  examined,  using  the  model,  in  a  first  attempt  to 
assesr  potential  capabilities  in  application  to  the  defense  of  the  CONUS,  of  special  strategic  areas,  and 
ot  the  fleet.  The  results  of  these  analyses  indicate  that  surveillance  can  be  maintained  out  to  ranges  of 
300  to  400  km  from  a  shore  station  with  systems  of  practical  dimensions.  For  example,  the  east  coast 
of  the  U.S.  from  Nova  Scotia  to  the  Straits  of  Florida,  could  be  covered  by  about  10  shore  stations  and 
a  fence  of  30  buoys. 

(S)  Although  the  primary  objective  of  the  Florida  tests  was  to  detect  low  flying  aircraft  there  was 
also  the  opportunity  to  observe  the  launch  of  a  Poseidon  missile  from  sea.  Excellent  detection  results  were 
obtained.  No  analysis  has  been  attempted  to  describe  the  early  warning  potential  of  this  kind  of  system 
against  SLBNTs;  however,  it  seems  apparent  that  significant  coverage  of  this  threat  can  be  achieved  with 
a  very  small  number  of  terminals. 

(O  The  program  has  reached  the  point  where  basic  feasibility  has  been  demonstrated.  Some  refine¬ 
ment  to  the  understanding  of  fundamental  limitations  is  required  but  more  emphasis  now  should  be 
placed  upon  the  definition  of  performance  and  interface  requirements,  of  detailed  concept  definition, 
and  upon  examination  of  some  of  the  more  obvious  engineering  problems. 

2.  BTEW-2  (U) 

( S)  The  BTEW-2  concept  involves  target  detection  at  long  OTH  ranges  by  illuminating  the  target  with 
a  buoy  mounted  transmitter  and  reception  of  the  target  signal  al  a  remote  receiver  site  via  sky-wave. 

Tests  of  this  concept  were  successful  but  indicated  that  coverage  would  be  very  limited  for  any  presently 
practical  level  of  buoy  transmitter  power. 


Ill  RECOMMENDATIONS  (IJ) 


A.  Additional  Measurements  (U) 

(O  The  committee  recommends  that  additional  measurements  be  undertaken  over  a  5  to  6  month 
period.  I'he  primary  purpose  of  such  measurements  would  be  to  obtain  needed  information  about  daily 
path  loss  fluctuations  with  sea  state  and  atmospheric  refractivity.  Data  presently  available  are  insufficient 
to  study  these  effects  or  establish  trends  and  conclusions.  In  addition,  the  water  along  the  previous  path 
is  not  typical  of  the  deep  ocean.  An  ideal  path,  for  example,  would  be  the  .^00  -  400  km  over-water 
stretch  from  Cape  ('od  to  Northern  Maine.  Daily  signal  strength  measurements  should  be  made  on  5, 

10.  15,  and  20  MHz  and  with  phase-coded  signals  so  as  to  eliminate  sky-wave  contamination. 

B.  Reduction  of  Existing  Data  (D) 

to  As  much  as  possible  of  the  existing  path  loss  measurements  on  5,  1 5,  and  20  MHz  should  be 
processed  by  Raytheon.  Means,  variances,  and  confidence  levels  of  the  path  loss  data  should  then  be 
computed.  NRL  personnel  should  complete  the  reduction  of  aerial  profilometer  wave-height  data 
taken  on  several  days  during  the  radio  measurements.  These  should  provide  some  positive  basis  for 
comparison  and  correlation  with  sea  state.  Where  possible,  brief  analyses  should  be  undertaken  to 
permit  rough  estimates  of  the  effects  of  atmospheric  ducting  on  the  received  signal. 

C.  Fleet  Air  Defense  (FAD)  (U) 

(S)  Now  that  the  feasibility  of  the  hybrid  (sky-wave/surface  wave)  system  concept  for  Fleet  Air 
Defense  has  been  demonstrated  beyond  any  reasonable  doubt,  it  is  recommended  that  during  the  coming 
year  (FY  “  1)  the  following  efforts  should  be  carried  out  as  the  next  step  toward  the  goal  of  developing 
an  operational  system; 

•  Provide  a  receiving/prwessing  system  which  is  mobile  and  suitable  for  installation 
aboard  a  ship  such  as  a  destroyer,  which  can  eventually  be  integrated  into  a  fully  auto¬ 
mated  system. 

•  Investigate  the  shipboard  antenna  problem,  select  elements  best  suited  to  the  FAD 
requirements,  and  provide  an  antenna  system  for  shipboard  use. 

•  Test  the  performance  of  this  receiving/proccssing  and  antenna  system  in  a  land-based 
experiment  using  available  illuminators  (MADRE  and  CllAPhl.  BELL). 

•  Repeat  these  tests  in  a  shipboard  experiment. 


*  Pursue  Fleet  Air  Defense  System  studies  to  further  define  the  performance  requirements, 
the  interaction  with  other  systems,  and  the  operational  utility. 

•  Make  model  measurements  of  the  cross  sections  of  representative  aircraft  and  missile 
targets  for '  trious  frequencies,  polarizations,  and  bistatic  geometries. 


Buoy  Tactical  Early  Warning  (BTEW) 

It  is  recommended  that  systems  analysis  be  continued  with  emphasis  in  the  following  arc  is. 

•  To  provide  a  more  complete  description  of  coverage  capabilities  for  various  deployment 
concepts. 

•  To  establish  the  mission  and  provide  a  definition  of  performance  and  interface 
requirements. 

•  To  perform  a  preliminary  cost  trade-off  analysis  of  the  various  deployment  concepts. 

•  To  investigate  the  antenna  gain  and  land-sea  interface  problems. 

•  To  recommend  techniques  for  target  location  and  tracking. 

•  To  assess  the  magnitude  of  the  dynamic  range  problem  and  to  recommend  solutions. 

•  To  obtain  bistatic  cross-section  information  on  representative  aircraft  and  missile 
targets. 
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DETAILED  PROGRAM  OBJECTIVES  AND  KEY  ISSUES  (U| 


Dr.  J.W.  Follin.Jr. 

The  Johns  Hopkins  University 
Applied  Physics  Laboratory 
8621  Georgia  Avenue 
Silver  Spring,  Md.  20910 

I  INTRODUCTION  (U) 

(S)  Hie  MAY  BELL  program  is  aimed  at  obtaining  solutions  to  the  sea  surveillance  problem  both  for 
tactical  early  warning  of  missiles  and  aircraft  attacking  the  continental  United  States  and  for  fleet  air 
defense;  that  is.  over-the-horizon  surveillance  of  attacking  missiles,  .aircraft  and  ships.  (See  Figures  1 
and  2.)  A  large  number  of  system  configurations  can  be  used  to  solve  parts  of  these  problems.  At  this 
workshop  we  wish  to  determine  the  best  combinations  of  systems  to  do  the  job  and  to  estimate  the 
effectiveness  of  these  combinations. 

(S)  For  t.actical  early  warning  it  is  possible  to  use  land-based  monostatic  sky  wave  or  surface  wave 
radars  or  a  ship-based  surface  wave  radar.  Various  bistatic  systems  involve  buoys  providing  line-of-sight 
or  surface  wave  target  illumination  with  either  surface  wave,  or  sky  wave,  transmission  to  a  land-based 
receiver.  One  interesting  possibility  would  be  transmission  in  the  opposite  direction  since  much  higher 
power  can  be  achieved,  leading  to  a  40  dB  improvement  in  system  performance.  In  some  geometries 
it  appears  that  a  buoy-to-buoy  bistatic  system  would  be  effective.  Finally,  the  use  of  an  aircraft  to 
generate  a  synthetic  receiving  aperture  in  conjunction  with  a  sky  wave  illuminator  may  provide  the 
surveillance  desired. 

( S)  For  the  tleet  air  defense  system,  choices  are  limited  if  it  is  desired  to  maintain  radar  silence  aboaul 
ship.  A  monostatic  land-based  skywavc  radar  can  monitor  the  ocean  around  the  fleet  and  transmit  the 
information  through  appropriate  communication  links.  Distatic  systems  include  the  sky  wave  target 
illumination  and  surface  wave  propagation  to  the  ship,  buoy  line-of-sight  or  surface  wave  target  illumi¬ 
nation.  and  surface  wave  propagation  to  ship,  and  airborne  synthetic  aperture  as  above. 
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TACTICAL  EARLY  WARNING 

TARGETS 

SLBM 

SLC’M 

A/C 

SYSTEMS 

MCjNOSIATIC 

SURFACE  WAVE  RADAR 
SKYWAVE  RADAR 

BISTATIC 

BUOY  LOS  TARGET  SURFACE  WAVE  TO  LAND  OR  REVERSE 
BUOY  LOS  TARGET  SKYWAVE  TO  LAND  OR  REVERSE 
BUOY-BUOY 

SKYWAVE  ILLUMINATE  -  A/C  SYNTHETIC  APERTURE  RECEIVE 


FLEET  AIR  DEFENSE 

TARGETS 

SLCM 

A/C 

SHIPS 

SYSTEMS 

MONOSTATIC 

LAND-BASED  SKYWAVE  RADAR 
BISTATIC 

LAND-BASED  SKYWAVE  ILLUMINATE  SURFACE  WAVE  TO  SHIP 
BUOY  LOS  ILLUMINATE  -  SURFACE  WAVE  TO  SHIP 
SKYWAVE  ILLUMINATE  -  A/C  SYNTHETIC  APERTURE  RECEIVE 
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SECRET 


(S)  Bi-liuc  the  etloctivcnoss  of  thev  syiicn's  can  be  dcferniined.  the  following  key  technical  problems 
that  must  K-  answered  for  surface  waves,  the  effects  of  sea  slate  on  clutter  and  propagation,  for  sky- 
waves.  the  coherence  of  the  ionosphere  on  nearby  paths.  For  ships  one  problem  is  effective  antenna 
aperture  and  beam  steering  in  the  presence  of  resonant  superslnicture.  and  second,  the  problem  ol  KM 
from  interniodulation  priHlucts  from  other  transmitters  abrraid  ship.  For  buoy  platforms,  the  problems 
are  adequate  antennas,  power  and  security  and  to  strme  extent  survivability  of  the  buoy.  Key  system 
problems,  in  addition  to  aecuracy.  coverage,  and  effectiveness,  are  l•('M.  a  nuclear  environment,  and 
t'lnallv  possible  give-away  of  information  to  the  enemy  as  a  result  of  our  transmissions. 

I IM  l  liese  key  problems  are  the  basis  of  the  questions  prepared  lor  the  discussion  groups  and  it  is 
hoped  that  most  of  them  can  be  answered  at  this  workshop. 

ii  REQUIREMI  NTS  FOR  FARLY  WARNING  (Ui 

( S)  The  usefulness  of  an  OTII  early  warning  system  depends  on  the  probability  of  detection,  the 
probability  of  false  detections,  and  the  accuracy  of  location  and  identification.  These  parameters  are 
interrelated  and  depend  on  the  amount  of  additional  warning  time  achieved. 

(S)  I  or  Fleet  Air  Defense  (see  “Fleet  Air  I)cf'*nse  Requirements  ( Ui”  by  Paul  T.  Stine.  ShCRF.T  and 
“Fleet  A:r  Defense  Requirements  for  Farly  Warning  (U)”  by  Richard  J.  Hunt.  CONFIDHNTlALl.  a 
minimum  of  five  minutes  (until  the  threat  comes  over-thc-hori/on  is  required  to  get  the  ship  to  general 
quarters,  and  fifteeii  minutes  if  fighters  have  to  be  scrambled.  The  required  accuracy  is  •  5’  since  the 
target  ist  be  designated  within  the  1 5  -  20°  acquisition  sector  scan  of  the  fire  control  radars.  It  is 
especiall  V  important  to  note  that  attempts  to  defeat  a  cruise  missile  by  FCM  or  chaff  are  much  more 
effective  before  a  missile  locks  on  a  ship. 

(S)  I'or  buoy  tactical  early  warning  aircraft  detections  should  allow  interceptors  to  be  scrambled 
for  intercept  outside  ASM  range.  Typically  this  requires  ranges  of  200  -  300  nmi  and  an  accuracy 
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THI OKY  OI  ATTl  NUATION  AND  I  LIJ  ITI  K  (IJ) 

Donald  h.  barrk’k 

KalU-lle  Memorial  Inslitiite 
505  King  Avenue 
C  olumbus,  Ohio  4.1201 

I  INTRODUCTION  (U) 

(IM  Over  the  past  year  aiui  a  hall',  work  lias  been  underway  on  the  prohlem  ol  the  interaetioti  ot  an  III 
radio  wave  with  the  rough  sea.  I  wo  main  phenomena  were  ol  eoneern  in  the  stmly:  1  )  attenuation 
sultereil  In  a  ground  wave  propagating  aeross  ihe  ocean  under  varying  sea  state  conditions;  and  2)  tlie 
scatter  U>r  clutter)  returned  to  the  receiver  Irom  the  ocean  and  its  relationship  to  sea  state.  B.ith  plienom- 
ena  cvndd  conceivably  he  limiting  lactors  in  radar  perlorniance.  and  a  knowledge  ol  their  magnitude  is  ol 
miportance  it)  the  design  and  developntent  ot  such  a  system. 

( U )  On  the  question  of  increa.sed  attenuation  versus  sea  state,  no  measurements  made  belore  the  .VI A V 
Bl  l.l.  I'rogram  were  complete  enough  to  either  confirm  or  deny  any  dependence  on  sea  state.  Nor  was 
any  theoretical  prediction  available  as  to  the  expected  magnitude  of  such  an  effect.  With  regard  to  clutter 
or  sea  scatter,  measurements  have  been  available  for  nearly  15  years  which  have  satisfactorily  explained 
tile  natme  and  mechanism  of  the  interaction,  l-'rom  observed  Doppler  shifts  it  was  surmised  that  ocean 
waves  scatter  according  to  the  Bragg  mechanism, in  the  same  manner  as  a  simple  diffraction  grating. 
Measurements  of  the  magnitude  of  the  sea  scatter  echo  and  its  relationship  to  sea  state  at  III-  have  been 
considerably  less  complete;  only  recently  have  more  thorough  measurements  along  these  lines  been  under¬ 
taken  by  Crombie  of  hSSA.  Headrick  and  others  at  NRL.  and  Barnum  of  Stanford,  as  well  as  the  work  on 
data  reiluction  presently  underway  at  Raytheon.  These  efforts,  all  reported  under  the  MAY  BI  LL, 
I’rogram.  should  provide  valuable  data  on  observ'ed  sea  clutter  strength.  As  to  the  theory,  it  was  onlv  m 
recent  years  that  Wet/.el  and  Barrick  related  the  strength  of  the  received  signal  spectrum  directlv  to  the 
ocean  waveheight  spectrum  evaluated  at  the  Bragg  spatial  wavenumbers.  This  enables  a  quantitative 
connection  between  echo  strength  and  sea  state  which  should  complement  Ihe  measured  data. 
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II  SUMMARY  ()»  AIThNUATION  PRhDKTIONS  ( U) 

I  t  I  111'  prol'k'iii  III  .iIK'mi.ilioii  III  .1  Mill. no  w.ivo  propag.ilKui  .ilmvo  .1  niiipli  m-.i  has  Ih-om  .ill.ukod  in 
Ilk'  lulli'kini;  m.iMiKT  I  irsl,  .111  i'IK'i.liso  Miilan-  iin|HHlaiii.o  istloiivotl  vilikli  anomils  lor  llio  llIl4'lllK  s^ 

•IS  woll  ,is  Ilk'  liiriU’  lOMihk  lnil\  vil  so.i  vs.ilor  I  hoii  lliis  olli'Clivo  siiil.ko  iin|>i'd.iiki'  is  iisod  in  ,111  !  SS  \ 
o'iii|niU'i  I'loiirain  !o  I'loilk  l  Iho  h.isk  ir.iiisiiiission  loss  hclwoon  two  poinis  ovot  llio  so.i  m  ishs  m  ,1  sI.iK  '' 

il  I  Ilk' i.ikiilalion  ol  Ilk' I'lK'ili'..' suil.ki' iiiipotl.inii' ol  llio  so.i  al  III  is  l.k  ihialoil  lu'i  .nis.'  I.lho 
I'li'.iii  w  .III  lk'i.i:hl  Is  sin.ill  1 0111  p. 1 1  I'll  lo  w.i\  i'k'n;.:iii  2.  I  ho  siirl.n  0  slopos  .iro  siii.ill.  .nnl  k  I  ho  si  .1  w  ,iioi  is 
liioliK  I  oiiilui Imo  .il  111',  (  oiisi'iiuoiilK  ,  liio  honikl.iiA  portiirh.iiio!i  .ippro.n h  ol  Kuo  w.is  usoi!  .ihnii’  wiih 
Iho  I  i.'iilovkh  honiklarv  loinlilion  lor  Iho  snrlaoo.  I  ho  rosiill'  show  Ih.il  ilio  olloolivo  impoil.iino 
(.iiiotmiiii  •  lor  ronirhik'ss)  ooiisisls  ol  Iwo  loriiis.  ono  whiolt  is  nioroly  Iho  iiiipoil.inoo  ol  so.i  w.iiot  .ilnno 
.Hill  Iho  oilior  whioli  ooiil.iiiis  iho  ollool  ol  loiipliiio.s.  Iho  l.-ilor  iinolvos.in  iiilopral  ovor  Iho  on. 111  w.oo 
hok'hl  spoi  lriim.  In  oialu.iliii!:  Ihi  I..II01  miiiiorioally.  Iho  1‘hilhps  wiiul-w.iio  spoolriim  lor  Iho  oi  o.ni  siir 
1.100  w.is  solooloil  .IS  .1  "lypioal"  moilol.  I  ho  prosonoo  oh  swell  is  noplooloil  in  lliis  inoilol,  .is  wi  ll  as  any 
.iilu.il  ilnoolionality .  Ono  Ihiis  olM..ins  rosiills  lor  Iho  olloctivo  iinpoii.inoo  wliioli  aro  liinolioiis  o|  wnu! 
spoi'il. 

(I  t  Will'll  Ihoso  oHooIiio  iiiipoilaiioi's  aro  oiiiployoil  in  Iho  I  SSA  i:roiiiulwa\o  program,  niimhors  lor 
h.isk  ti'.i'isinisMon  h'ss  ,iro  ohl.iinoil  l  o  show  cloarly  Iho  ollool  ol  soa  slalo.  loss  ilirioronio  I  in  ilooiholsi 
hi  lwi'i'n  .1  porlooiK  sinoolh  so.i  .nul  s.iriinis  ooiulilions  of  roiighnoss  woro  plolloil.  I'igiiro  I  shows  sinii 
.111  os.implo  lor  10  Mil/,  \orsus  range  anil  wiml  spooil.  I  ho  coiuluclivity  ol  ocean  walor  was  lakon  as 
4  mho  m  .mil  a  4  4  earth  rolractivity  I'actor  was  used  in  the  program,  rransmillor  anil  recoivor  aro  assimiod 
localoil  on  the  siirlaco  in  I  igiiro  1.  In  l  igiiro  2.  the  aclual  basic  transmission  losso  i  ( ralhor  than  Iho 
ihitoroncos)  arc  shown  Iroiii  a  snrraco-h.isod  source  to  an  elevated  receiver.  I  ho  tirsi  numher  is  the  loss 
tor  .1  perloclK  smooth  sea  and  the  second  is  for  sea  state  5  (i.e.,  25-knol  wind). 

(I  )  Hie  results  show  that  sea  slate  elTect. become  more  pronoimcodat  greater  ranges.  I  or  example, 

.It  I  ('  Mil/  .md  loo  mill  range,  the  signal  v.irialion  due  to  sea  stale  is  ol  Iho  order  ol  K  dll  lor  ono-wai 
prop.igalion. 


*.\  report  showing  the  details  and  results  ol  this  work  is  available  as  "Ihoory  ol  (ironrid  W  .iio 
1‘ropagation  across  a  Rough  Sea  al  Dekamotor  Wavelengths”  by  I).  I'.  Barrick.  Hallelle  Moiiiorial  liisiituio. 
J.mu.ni  I't^O. 
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Ml  SUMMARY  OI  C  LUTTtRtAU  llLATIONS  iDl 

1 1  •  llu’  m.iIUt  lr»)m  Ilu‘  rt)iij;li  iKcan  Mirlacc  is  approaclu'd  with  tiu'  saiiK’  locliiii(|iii'  .is 

iiMil  lor  llu-  .lUiMuuition  (.akiil.ilions  iiaiiK'ly.  Ihc  Rite  |H*rliirh.ilioii  .malysis  alon^!  willi  the  1  ioiiIoykIi 
I'oiiiul.irs  toiulilion  *  Hk’  rtsulls  oI  tins  stiuly  show  that  the  iiu  reiiieiital  reteiserl  jniwer  spetli.il  ileiiMly 
■iMil  .il'soliite  power  seatteieil  Innn  the  patth  ol  sea.  ils,  tan  he  expressetl  in  llie  usual  railar  raiitre  eipi.ilioii 
lorm  .is 


ill’ll  (  u)  I  ' 


41*1  (.,  A- 
(4ir»'  R-;  R„’ 


I  I ‘  1  otto)  its  . 


‘"’k 


4l>,(,i(.,A-' 

(4>r)*  R  ■  R^’ 


I  I 


I  i.insmilieil  power  is  I'j  ,  antenna  ftains  are  .  ilistantes  Iroin  Ir.insiniller  to  the  palth  ils  aiul  Irom 

the  p.ittli  ils  to  reteiver  are  R|  ,  R^  .  .mil  wavelength  is  X.  t  he  iiuantities  I  ^  anil  I  ^  are  tl.e  Norton 
.ilteiui.ition  tunttions  trom  t.irget  pattii  to  the  transinitter  anil  reteiver.  respetlively  (  ihey  approatli 
unilv  lor  short  ranges.)  I  hey  tan  he  expresseil  in  terms  ol  the  hasit  transmission  loss.  I  j  (in  ilB).  lor 
lA.imple.  .IS 


I 


:rrR. 


L,  /:o 
10  ' 


( l' )  I  he  sea  stalter  truss  setlion  u"  ; 
the  an.ilvsis  are 


ameil  Irom 


(I  ( u; )  -  rrk’’  (  I  -  tos  )’  W  |  k  ( tos  .r  -  I ).  k  sin  u;  -  u  1  . 
o"  =  irk^^  (I  -tos.^)-  W|k_,(fosy3  -  l).k^,sin.^  | 

where  k  ,  -  2n,'K  -tr  is  On'  tarricr  Irenucnty.v^'  is  the  histatit  angle  Irom  the  lorwanl  sta.ter 

ihrettion,  W(p,  q,  tj)  is  the  spatial-temporal  waveheight  spettrum  lor  lire  sea  and  W  tp.  q)  is  the  spatial 
waveheight  spettrum  only.  The  normali/ation  between  power  and  powerspettral  density  is 


o"  =  ' :  f  o  (ui)  du;  . 

••  ■»*. 

1 1' )  .-\s  seen  in  the  above  equations  tor  o  (tj)  and  a"  .  the  spatial  wavenumbers  appeariiit  m  the  wave- 

height  speetra  lor  p  and  q  are  pretisely  those  required  lor  Bragg  seatter.  I  his  eontirms  the  interpretation 
deduted  trom  measurements. 


•A  report  giving  derivations  ol  sea  seatter  and  the  signal  speetrum  is  in  preparation  Most  ol  the  derivations 
are  also  lound  in  a  pa|Kr  "I  he  Interaetion  ol  III  /VIII*  Radio  Waves  with  the  Sea  Surlaee  and  Its  Inipliea- 
lioiis”.  by  D.h.  Barriek.  presented  at  AtiARD  "1  leetromagneties  ol  the  Sea  "  Meeting.  June  l‘>'tl 
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(I  (  >ij{iirfl.  I  r;i)iMnissitm  Loss  Duo  1<)  SiM  Stale  ;it  lONIH/.  \nloiinas  are  I  oi  aloit  Just  \t»oso  Siirlaio  Phill»|>' 

|s4iiropio  Oooaii->Va\o  S|K’i  lriim.  (I'l 
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(U) 


(U)  Figure  .1.  Received  Clutter  Signal  S|M*clrum  at  5  MHt  for  Bislatlc  Radar  with  ICO>km  Baseline, 
Effective  Pulse  Length  1 2.5  /is.  and  for  Time  Delay  One  Pulse  Length  Behind  Direct 
Pulse,  Phillips  Isotropic,  Fully  Aroased  Ocean-Wave  Spectrum  is  Assumed  (Kolid  Line). 
Dasihed  Line  Represents  Likely  Meatturpments  from  Nonisotropic  Sea,  (U) 


( U )  Figure  4.  Received  autter  Signal  Spectrum  at  1 0  MHt  for  Bistatic  Radar  with  1 00  km  Baseline, 
Effective  Pulse  Length  12.5  /is,  and  for  Time  Delay  One  Pulse  Length  Behind  Direct 
Pulse.  Phillips  Isotropic,  Fully  Aroused  Ocean-Wave  Spectrum  is  Assumed  (Solid  Line). 
Dashed  Line  Represents  Likely  Measurements  for  Nonisotropic  Sea.  (U) 
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(U)  To  estimate  the  level  anil  shape  of  sea  duller  signals,  Ihe  Pliillips  isotropic  wind-wave  spectrum 
is  again  employed;  o".  obtained  in  this  manner  for  bistatic  scatter,  is  -23  dB.  This  value  is  more  likely 
an  upper  limit  because  the  sea  in  practice  is  neither  isotropic  nor  fully  developed,  as  implied  in  the  model. 

(U)  The  Phillips  isotropic  wind-wave  model  is  again  used  to  calculate  the  clutter  spectrum  for  a  bisialic 
surface-Mirl'ace  radar.  The  sea  is  assumed  fully  developed.  Tlic  antennas  are  (|uartcr-wave  vertical  mono- 
IHilcs,  located  over  sea  water,  separated  by  100  km.  The  signal  permits  an  effective  time  (or  range) 
resolution  of  1 2.5  psec.  The  elliptical  range  cell  selected  corresponds  to  one  pulse  length  after  receipt  of 
the  direct  signal.  Figures  3  and  4  show  the  expected  spectra  at  5  and  10  Mllz,  normalized  to  the  incident 
P«)wcr.  The  frequency,  fj^  =  is  the  culolT  on  the  outer  sides  of  the  clutter  pedestals,  i.c.,  0.22H 

and  0.322  llz  respectively.  The  height  observed  for  the  “cars"  depends  upon  the  processor  resolutions: 
the  loss  the  resolution,  the  shorter  the  cars. 

(U)  The  interpretation  of  1111*50  histatic  clutter  spectra  is  again  in  conforman.'**  wi.*h  the  Bragg  scatter 
mechanism.  The  higher  frequencies  in  the  pedestals  come  from  the  ends  of  the  elliptical  resolution  cel! 
near  the  hackscatter  directions.  The  lower  frequencies  in  the  pedestals  come  from  the  sides  of  the  ellipse, 
nearer  the  forward  scatter  region.  For  larger  ellipses  corresponding  to  longer  delays,  the  pedestals  collapse 
to  an  impulse  function  centered  on  f^^,,  the  backscqtter  Doppler. 

(U)  The  total  clutter  power  received  in  this  range  cell  is  about  23  dB  below  the  direct  signal.  Again, 
observed  clutter  signals  arc  likely  to  be  lower  because  the  sea  is  rarely  fully  developed  and  isotropic  for 
these  radar  frequencies.  Therefore,  a  difference  between  clutter  and  direct  signal  of  30  IB  would  be 
expected  to  be  typical. 
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UOMEX  SEA  SCATTER  OBSERVATIONS  (U) 


D.  D.  Crombie 

Institute  fur  Telecommunication  Sciences 
ESSA  Research  Labs.  Boulder.  Colorado  80302 


I  INTRODUCnON 

(U)  Observations  were  inude  during  the  DOMEX  project  or  the  coherent  backscattcr  of  IIP  ground 
waves  from  the  sea,  along  the  east  coast  of  Barbados  Island.  The  data  were  taken  using  a  multifrei|ucncy 
coherent  IIP  radar  system  operating  in  the  range  of  1.7  to  12.37  MHz.  Successive  pulse  pairs  were  trans¬ 
mitted  in  each  of  eight  preselected  frequencies  in  the  above  range.  The  demodulated  signals  were  sampled 
at  four  ranges  (22.5  •  100  km),  passed  througli  an  A/D  converter,  and  recorded  digitally  (10  bits)  with  an 
incremental  tape  recorder. 

(U)  Short  vertical  broadband  monopoies  were  used  for  transmission  and  reception.  Two  of  these  were 
spaced  100  ft.  apart  and  switched  alternately  to  the  receiver  between  each  pair  of  transmitter  pulses  on 
the  same  frequency.  Thus,  64  separate  sets  of  data  were  recorded. 

( U)  Tlie  basic  repetition  rate  of  the  transmitter  was  60  pulses/sccond  and  the  pulse  length  was  40  fis. 
Tiius.  each  set  of  data  (one  antenna,  one  range  and  one  frequency)  was  sampled  3?i  times  per  second. 

(U)  Tlie  radiated  power  and  recciver/antenna  sensitivity  were  determined  using  a  field  strength  meter, 
and  a  small  target  transmitter  located  several  hundred  feet  from  the  antennas.  Calibrations  were  made  at 
each  operating  frequency.  Radiated  powers  ranged  from  26  watts  at  1.7  MHz  to  about  1  kW  at  the  higher 
frequencies. 

(U)  The  transmitting  and  receiving  antennas  were  situated  about  150  ft.  from  the  edge  of  a  cliff  which 
was  about  30  ft.  above,  and  200  ft.  away  from  the  water’s  edge. 
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II  DATA  ANALYSIS  |U| 

(U)  ri;irly-mituilc  suinplcs  of  data  were  taken  and  subjected  to  fast  Fourier  transformation  in  the 
o)iii|>tiler  at  Koulder.  The  program  was  written  to  identify  the  spectral  densities  and  the  bandwtdilis  at 
the  -.T  - 10  and  -20  dB  levels  as  well  as  the  fre<|uencies  of  the  spectral  peaks.  From  these  data  the  RMS 
signal  level  at  each  peak  eoiihl  be  obtained.  Knowing  the  receiver  sensitivity  and  the  radiated  power,  the 
seaitering  cross  section,  o.  of  the  sea  could  be  calculated  from  the  following  formula. 

d*  j 

a  =  - * -  •  m'‘ 

2.25  X  10^  P 

where 

il  =  distance  of  the  scat  lercr  in  km. 

=  received  field  strength  in  pV/m,  and 
P  =  radiated  power  in  kW 

(U)  This  definition  of  a,  which  is  particularly  appropriate  to  ground  wave  radar,  results  in  values  which 
are  smaller  by  a  factor  of  three  (ban  free  space  formula.  The  factor  three  arises  because  it  is  assumed  that 
the  scaiicrer  behaves  as  a  short  vertical  monopolc  contributing  a  factor  of  1.5  that  rc-radiates  into  the 
hemisphere  above  the  sea  contributing  a  factor  of  2.  The  effects  of  ground  wave  attenuation  are  not 
included  in  this  formula. 


Ill  OBSERVED  SCATTERING  CROSS  SECTIONS  (U) 

(U)  Some  of  the  values  of  a  observed  at  a  range  of  22.5  km,  where  ground  wave  attenuation  can  be 
ignored,  .ire  shown  in  Figure  I .  The  right-hand  scale  shows  the  value  of  relative  scattering  cross  section 
0°  (i.e.,  cross  section  per  unit  illum'nated  area).  The  values  shown  are  for  approaching  waves  resulting 
from  partially  or  fully  developed  seas  at  wind  speeds  of  from  10  to  20  kts.  The  receding  components  have 
cross  sections  about  20  dB  smaller.  The  values  shown  arc  averaged  over  the  whole  180®  sector  illuminated 
by  the  transmitter. 


IV  SPECTRAL  DENSITY  OF  THE  SEA  SURFACE  (U) 

(U)  Knowing  the  scattering  cross  section  and  the  bandwidth  of  the  scattered  signal,  it  is  possible  to 
determine  the  non-dircctional  spectral  density,  S(0,  of  the  sea  surface  for  the  wavelengths  observed. 
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SCATTERING  CROSS  SECTION 


(  I  Ills  pane  uiKlassiluilt 


Hk'  ivquin.-(.l  ivlatiuiisliip  is 


SiD 


0  1 

tt’  1.1  li. 


iir  /sci 


sshciv  I)  Is  llic  SL-attcriiif;  cross  section  in  in’  at  a  sea  wavelenjrtli  I  nietcrs  or  a  wave  Ireiiiiency  ol  |-  hertz, 
J  is  the  ranitc  lint,  the  railial  lentith  (in)  ol  the  illuininateii  area,  and  is  the  acceieration  ol  {.’ravity. 


(I'l  Some  cxainples  ol'  noiulirectional  rrciiuency  spectra  obtaincil  in  this  way  are  shown  in  l  ipurc  2 
riic  lower  curve  shows  an  ohserved  spcctriini  for  comparison  with  Moskowit/'s  20-kt  synoptic  spectrnni. 

I  he  nc\i  enne  shows  the  results  for  a  wind  believed  to  be  lighter  than  for  the  lower  curve.  I  lie  two 
upper  curves  show  spectra  obtained  at  the  same  time  as  the  NASA  wave-measuring  aircraft  was  Hying  over 
the  area  (in  '  downwind  direction)  where  the  radar  data  were  obtained.  Significant  wave  heights  de¬ 
rived  from  I  .  ‘  ASA  data  are  also  shown  f  ir  comparison  with  those  derived  from  the  spectra  shown. 

1  he  agreement  is  good  and  although  the  wave  heights  are  small,  the  comparison  shows  that  wave  heights 
and  spectra  can  be  obtained  from  backscatter  data.  However,  to  be  useful  under  rougher  conditions,  the 
r.idar  wavelengths  need  to  be  increased. 


V  BANDWIDTH  OF  THE  BACKSCATTERED  SIGNALS  (U) 

(U)  Svime  representative  bandwidths  of  backscattered  signals  are  shown  in  l-'igure  3.  The  plotted  value 
are  the  bandwidth  10  dB  below  the  spectral  peak.  Plots  of  the  spectra  show  a  strong  tendency  towards  a 
Gaussian  shape  rather  than  the  sin  x/x  form  expected  from  simple  theory.  1  he  points  in  Figure  3  show 
that  the  Doppler  bandwidth  increases  with  frequency  but  that  the  rate  of  increase  depends  on  sea  state. 

T'  points  for  1 '  July  represent  relatively  rough  conditions,  while  those  for  the  14  and  16  July  represent 
rather  (piieter  seas. 


VI  SHIP  SCATTERING  CROSS  SECTION  (U) 

(S)  During  the  BOMEX  obser/ations  some  data  was  obtained  about  the  cross  section  of  the  USCTiS 
ship  Mt.  Mitchell.  The  revised  estimated  cross  section  was  -  400  m“  using  the  definition  of  a  given  in 
ciiuation  1 .  The  frequency  used  was  2.9  MHz.  Observations  at  other  frequencies  were  unsuccessful  be¬ 
cause  of  the  high  noise  and  interference  levels  present  during  the  nighttime  observations. 
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WAVE  SPECTRA 


July  H,  1969  14  I5  Hr 


Wove  Frequency  (Hz) 


(IJ)  Figure  2.  Wave  Spectra  Deduced  from  Cross-sections  (U) 
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(U)  Figure  3.  Observed  Bandwidths  of  Backscattered  Signals  (U) 


UNCLASSIFIED 


(Ul  Hk'  Mt.  Mitchell  has  an  overall  leiitrlh  ol  '.<1  leet.  heain  ol  42  leel  anil  a  ilisplaeeineni  ol  I (>27 
Ions.  I  he  Innnel  top  is  appiosimately  40  leet  above  the  watei  line,  the  top  ol  the  tallest  mast  is  70  leet 
.ihove  the  water  line.  I  he  masts  are  approMinately  100  leet  apart 

(S)  When  the  cross  section  is  meieaseil  In  a  laetor  ol  .s  to  hrnip  it  m  aecorilanee  with  conventional 
liee  sp.iee  ilelniilions  ol  (I  Ihe  \ ahic  I'econies  I  200  nr  I  heoielical  eslimales  ol  Ihe  cross  section  ol  a 
ilipole  140  led  lonj;  in  Tree  sp.iee,  .it  2  '<  Mil/  eaves  -  1000  nr’  Uie  aereeineni  aj^pears  f.’ooil.  hiit  Ihe 
lheoielic.il  estimate  issIroiifiK  ilepeiuleni  on  Ihe  eHeclive  lenelh  ol  Ihe  inasi, 

VII  C  ONCLUSIONS  (IJ) 

(Si  The  main  conchisioiis  Iroin  this  work  usiiifj  a  monoslalic  hackscaller  railar  are  Ihe  lollowine. 

•  The  average  scattering  cross  section  ol'  Ihe  sea  can  he  esiimaleil  il  the  non-directional 
spectrum  ol  Ihe  sea  is  known. 

•  The  intrinsic  haiulwiilth  ol  the  hack  scattereil  signals  is  very  small  hut  increases  with 
Ireiiuency  anil  sea  slate. 

•  It  appears  that  there  is  reasonahle  agreement  helween  theoretical  estimates  ol  ship 
cross  sections  haseil  on  m.ist  height,  and  a  measurement  (see  Section  VI). 
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MI  ASURFMI  NTS OF  PATH  LOSS  (U) 


H.  Hoogasian 

Kaylheun  Company 
lu|uipment  Division 

OHl)  Advanced  Development  Department 
Spencer  Laboratory 
Burlington,  Massachusetts 


I  OBJECTIVE  (U) 


(  U)  I  hc  primary  interest  of  MAY  BELL  i;round  wave  signal  amplitude  experiments  was  to  measure 
path  loss  on  several  I'requencies,  to  correlate  the  signal  lluctuations  with  sea  state,  and  to  test  the  validity 
ol  the  rough  iKcan  scattering  model  developed  by  D.  Barrick  ol  BMl. 


II  APPROACH  (U) 

(U)  Stirl'ace  wave  signal  levels  were  measured  on  a  propagation  path  between  the  transmitter  site  on 
Carter  Cay  in  the  Bahamas  and  tlie  receiving  site  at  Cape  Kennedy.  There  were  two  transmitters  on 
Carter,  radiating  about  1  kW  over  monopole  antennas.  During  the  first  three  months  of  1970  operation 
was  on  four  frequencies,  near  5,  10,  I  5,  and  20  Mil/. 

( U)  Signals  were  received  on  the  ITT  16-element  array  on  all  frequencies  during  the  entire  program 
and  with  reference  monopole  antennas  on  5.  10  and  15  MH/  over  a  shorter  period.  All  transmitting 
and  receiving  antennas  were  in  close  proximity  to  the  shoreline  .so  that  the  propagation  path  was  sub¬ 
stantially  (.ver  an  open  stretch  of  ocean  for  a  distance  of  300  km  between  path  terminals.  However, 
approximately  80  km  of  this  distance  lay  inside  a  shoal  line  defining  a  region  of  low  water  with  depths 
ranging  from  1  to  5  fathoms. 

( U)  The  index  for  sea  state  used  in  making  comparisons  was  taken  to  be  hindeast  wave  height  (see 
l  igure  1 ).  The  reference  smooth  sea  datum  was  Norton’s  prediction  for  ocean  water  with  conductivity 
of  5  mhos/m.  In  this  analysis,  computed  signal  levels  were  derived  front  Norton’s  formulation  for  a 
radiating  elementary  monopole.  Estimates  for  the  available  power  from  a  receiving  monopole  were  then 
computed  from  the  free  space  aperture,  using  the  free  space  gain  of  2  dB  for  the  monopole. 
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III  KbSULTS  (II) 

( ll»  I’ath  loss  data  on  5  MU/  with  inonopoU-  uccptioii  (sco  l  igurc  2)  was  available  lor  1  3  days  in 
March.  Si^rnal  level  IliKtuations  over  a  range  ol  5  dB  were  measured.  I  he  lowest  value  ol  signal  level  was 
observed  around  the  ‘Mh  ol  March  where  hindcast  data  showed  a  inaxiinuin  wave  height  ol  1.1  leet. 

(ID  On  10  MH/,  loss  data  Irom  the  mono|H>le  system  (see  l  igure  .1)  showed  little  convincing 
day-tivday  correlation  with  hindcast  data  with  the  exceptirn  ol  the  period  ID  March  -  I  5  March,  during 
which  rough  sea»  were  reported.  During  this  time,  the  signal  level  dropped  by  approximately  ID  dB 
below  the  estimate  lor  a  smooth  sea.  Hie  overall  spread  in  power  measurements.  0  dB  to  10  dB  below 
relerciice.  agrees  closely  with  the  Barrick  predictions  for  a  distribution  ol  sea  states  rangii  g  from  0  to  5. 

(ID  I  here  were  1 1  days  when  the  1  .S-MII/  signal  was  received  on  the  BSA.  Tlie  BSA  was  calibrated 
against  the  15-MH/  monopole  and  BSA  measurements  were  adjusted  accordingly.  Although  the  data 
base  was  more  restricted,  the  1 5-MH/  data  displayed  trends  similar  to  the  1 0-MH/.  data;  little  or  no 
correlation  with  hindcast  except  for  the  Ma'ch  10  -  March  15  period,  and  a  data  spread  ranging  from 
2  dB  above  to  1 0  dB  below  the  smooth  sea  estimate.  This  compares  to  Barrick's  estimate  of  about  + 1 
to  - 14  dB  for  sea  states  0  to  5. 

( LD  rile  data  base  for  20  MM/,  (see  i  igure  4)  was  6  days.  Data  was  collected  on  the  BSA  but  a 
reference  monopole  was  not  available  lor  calibration.  Consequently,  the  BSA  gain  was  assumed  to  in¬ 
clude  the  full  1 2-dB  theoretical  array  factor.  On  this  basis,  the  values  of  received  power  display  a  range 
to  1 5  dB  below  the  smooth  sea  estimate.  There  was  insufficient  data  to  search  for  low  signal  values  in 
ttie  March  1 0  -  March  1 5  period. 

(U)  A  comparison  was  made  of  hindcast  data  (see  Figure  1 )  with  wind  speeds  recorded  over  the  same 
period  at  CiBl  and  Cape  Kennedy.  Only  a  fair  correlation  was  noted.  In  the  hindcast  data,  the  occurence 
of  northerly  winds  appeared  to  coincide  with  the  highest  values  of  wave  height.  This  would  imply  ocean 
waves  travelling  in  a  direction  more  or  less  tran.sverse  to  the  propagation  path,  where  the  effect  on  path 
loss  is  minimal,  and  consequently  would  be  expected  to  produce  a  decorrelating  effect  between  sea  state 
and  signal  level  on  a  point-to-point  basis. 

(ID  Sky  wave  contamination  proved  to  be  a  serious  problem  on  all  frequencies.  On  analysis,  a  sub¬ 

stantial  portion  (about  40  per  cent)  of  the  data  was  rejected  on  the  basis  of  suspected  biasing  by  sky  wave 
signals.  The  elimination  was  accomplished  primarily  by  examining  the  peaks  of  the  signal  spectra! 
density  for  stability  over  a  relatively  long  period. 
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IV  SIGNIFICANCE  (U) 


(II)  It  IS  concluded  that  the  measurements  showed  little  day-to-day  correlation  with  hindcast  data 
tor  the  sea  except  tor  one  high  sea  state  period  in  March.  Treated  as  a  whole,  however,  the  body  ot  data 
did  exhibit  an  unquestioned  Irequency  behaviour  substantially  in  conformity  with  the  referenced  pre¬ 
dictions  for  the  sea  states  encountered. 
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lU)  Figure  1.  Windspced  and  Wave  Height,  January  -  March  1970  (U) 


Rrc'eivrd  Power  S  MHz  Monnpoir  vs  Hindcast 
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(U>  Figure  3.  Received  Power  Measurements  on  10  and  15  MHr.  January  -  March  1970  (Ul 
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SI  A  (  I  II  rri  R  PRI  DICTIONS  AND  MLASDREMLNTS  ( U  > 


Jerald  A.  Grimes 

Raytheon  Company 
Equipment  Division 

OKI)  Advanced  Development  Department 
Spencer  Laboratory 
Burlington.  Massachusetts 

I  INTRODUCTION  (U) 

(S)  It  has  been  expected  that,  in  certa  r.  applications  of  a  gre-und  wave  radar  operating  over  ocean  sur¬ 
faces.  flutter  from  sea  waves  would  undet  some  conditions  be  a  limi'uig  factor  for  detections.  Consequent¬ 
ly,  an  important  part  of  the  Raytheon  MAY  BELL  experiments  in  Horida  during  the  early  months  of  l‘>70 
was  to  attempt  to  determine  the  measured  power  spectrum  of  sea  clutter  under  a  range  of  geographical, 
system,  and  environmental  parameters.  These  experiments  constitute  a  direct  test  of  predictions  made  by 
1).  Barrick  of  BMI.  Preliminary  results  are  in  good  agreement  with  those  predictions. 


II  PREDICTIONS  (U) 

(U)  Barrick  has  predicted  clutter  peaks  23  to  40  dB  below  the  direct  signal  at  ^ 0.2.5  Hz  for  a 
5.800-MH/.  signal  and  at  '  0.3 1 5  Hz  for  a  9.259-MHz  signal,  in  each  case  additional  peaks  at  limes 
the  original  shift  are  predicted  for  sufficiently  high  sea  states.  Bamck  further  predicts  a  minimum  clutter 
frequency  equal  to  ^^s  0  times  the  maximum  (backscattcr)  shift,  where  0  is  the  half-scatter  angle 
.ind  the  scattering  ocean  waves  are  in  this  case  approaching  or  receding  perpendicularly  to  the  transmitter- 
receiver  path.  A  further  prediction  is  the  absence  of  clutter  if  the  maximum  ocean  wavelength  is  not 
eiiual  to  or  greater  than  half  the  radio  wavelength,  i.e..  low  radio  frequency  and  low  sea  state. 


(Thb  patu  unclmlflcd) 


111  DATA  BASE  |U) 

( U  3  Tlu*  primary  data  analyzed  to  dale  is  summarized  in  relation  to  Navy  Oceanographic  Omce  hind- 
cast  Mavc  height  and  direction  in  i-igure  I.  On  17  March  the  buoy  was  anchored  offshore  from  the  re- 
ciMvet  site  at  Cape  Kennedy.  On  19  March  the  only  other  successful  operation  of  the  buoy  higfi  frequency 
w  rov-orded  from  a  1 20-km  range.  No  buoy  transmissions  wea*  available  during  the  two  highest  sea  slates 
of  *>  .ind  1 5  March.  The  only  signiricanl  change  in  sea  state  during  buoy  operation  was  in  wave  direction. 


IV  SYSTEM  GEOMETRY  (U) 

(U>  i-igiires  2  and  3  illuslratc  the  buoy  Irnnsmitter.  receiver,  and  range  gale  locations  along  with  an 
indication  of  the  heights  of  the  elllpMtidal  range  gate  regions.  Ocean  wave,  ground,  and  ionospheric 
MTailcring  regions  are  idenlirieti  in  terms  of  these  maps  and  related  to  observed  returns  from  each  range 
gale.  Most  important  for  chiller  analysis  is  the  relation  of  ocean  wave  direction  in  each  range  gale  to 
ph>^lcal  rci)uiremenls  for  scattering,  together  with  the  directivity  pattern  of  the  receiving  antenna  used; 
ill  this  experiment  either  a  narrow  beam  directed  toward  the  transmitter  or  a  nondirective  monopole. 

V  WAVE  INFORB^ATION  (U) 

I U)  Direction  and  amplitude  of  ocean  waves  for  pcfiKxIs  in  which  buoy  transmissions  were  recorded  . 
Minimarized  in  Figure  4.  Variability  in  cither  parameter  is  indicated  on  days  when  either  direction,  hei>'<'’  ‘> . 
or  both  were  changing  signiricanlly.  These  data  arc  again  those  from  the  Navy  Oceanographic  Office 
hindcast.  Dir;ct  determinations  of  sea  state  in  the  areas  of  interest  have  not  been  available.  The  uncert  ii: 
lies  concerning  true  ocean  wave  behavior  as  opposed  to  best  available  estimates  thereof  must  be  kept  in 
mind  in  interpreting  observed  clutter. 

VI  CLUTTER  MEASUREMENTS  (U) 

(U)  In  general,  sufficient  data  has  been  recorded  and  processed  to  investigate  clutter  variation  with 
ocean  wave  direction,  transmitted  frequency,  directivity  of  receiver  antenna,  and  ocean  wave  amplitude. 
Variations  in  observed  clutter  with  the  specific  geometry  of  individual  range  ptes  can  also  be  investip?  ^ 
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(U)  Figure  5  illustrates  the  variation  o<  positive  and  negative  clutter  peaks  with  wave  direction. 

Higher  positive  clutter  is  observed  lor  waves  approaching  the  transmitter  and  receiver,  while  higher 
negative  clutter  is  seen  lor  waves  receding  from  the  transmitter  and  receiver;  since  with  the  directive  BSA 
and  range  gate  one,  the  primary  scatter  region  is  beyond  the  transmitter.  Figure  6  further  illustrates  that 
the  derailed  behavior  of  the  negative  clutter  varies  with  individual  range  gate  areas.  Detailed  geometrical 
study  shows  that  the  observed  increase  in  amplitude  of  this  negative  clutter  is  expected. 

(U)  The  general  increase  in  clutter  doppler  with  higher  fretiuency  signals  is  illustrated  in  Figure  7.  This 
qualitatively  substantiates  predictions,  and  specific  data  will  be  sought  in  which  the  true  maximum  shift  is 
believed  to  be  observed  at  two  different  frequencies  so  that  quantilative  comparisons  can  be  made  with 
theory . 

(U)  Receiving  antenna  directivity  is  expected  to  differentiate  between  positive  and  negative  clutter,  or 
scatter,  from  regions  of  waves  approacliing  or  receding.  Figure  8  illustrates  that,  in  range  gate  zero 
(direct  signal  included),  and  range  gates  one  and  two  as  well,  both  positive  and  negative  clutter  is  observed 
by  both  the  directive  and  monopole  antennas.  The  BSA  sees  much  less  positive  clutter,  which  in  this  case 
came  from  far  off  the  beam,  than  did  tlie  monopole,  which  does  not  favor  any  azimuthal  angle  of  arrival. 
The  gTv  :  •:!  positive  clutter  observed  in  this  cunc  via  the  monopole  is  further  illustrated,  along  with 
the  miniii  lid  and  maximum  clutter  doppler.  on  a  facsimile  display,  shown  in  Figure  9.  Note  that  black¬ 
ness  is  higlier  received  power  and  carrier  position  is  indicated  as  doppler  zero. 

(U)  A  considerably  larger  data  base  (three  monthc,  four  frequencies)  is  available  if  we  examine  the 
Raytheon  CW  signals  from  Carter  Cay.  This  is  particularly  valuable  for  investigating  high  sea  state  effects 
which  did  not  occur  with  any  significance  during  phase  code  operations.  One  preliminary  sample  was 
checked  for  this  report,  the  highest  reported  sea  state  of  9  March,  and  for  comparison  the  low  sea  state 
immediately  following  this  on  12  March.  The  marked  effect  of  this  large  change  in  ocean  waves  is  indicated 
in  Figure  10.  The  combined  loss  in  signal  power  of  several  dB  and  the  presence  of  clutter  only  about  25  dB 
down  in  the  case  of  the  high  sea  state  is  most  evident.  The  possibility  of  higher  order  clutter  peaks, 
further  dovwi  but  with  higher  doppler  shifts,  is  also  indicated  in  the  9  March  power  spectrum.  In  compari¬ 
son  with  other  data,  it  is  expected  that  in  this  case  observed  energy  to  about  -  1  Hz  is  most  likely  dated 
to  ocean  wave  effects.  Analysis  of  this  and  other  CW  data  will  continue. 

VIl  CONCLUSIONS 

(U)  Phase  coded  data  clearly  identifies  clutter  and,  together  with  the  good  agreement  of  Dr.  Barrick’s 
predictions  with  a  small  sample  of  data,  analyzed  in  terms  of  the  best  .ivailable  measurements  of  environ¬ 
mental  and  system  parameters,  contributes  guidelines  to  identifying  clutter  in  a  much  larger  set  of  CW 
data. 
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(U)  Specific  clutter  levels  and  dopplers  can  be  determined  for  the  particular  geometries  and  sea  states 
experienced  in  this  program.  Completion  of  analysis  of  this  data  will  result  in  statistics  concerning  the 
amplitude  and  frequency  of  all  identifiable  sea  clutter  in  the  phase  code  and  CW  data  and  comparison  with 
available  sea  state  data. 

(U)  Primary  limitations  to  the  conpU'tcness  of  this  phase  of  the  MAY  BELL  propagation  experiment 
were  the  lack  of  better  sea  state  information,  phase  code  coverage  of  more  varied  sea  states,  and 
simultaneous  high  and  low  frequency  signals  from  the  buoy. 
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(U>  Fi^rc  7.  Gutter  Variation  with  Frct|ucm,’y  of  I raoMniNxion.  Buo\.  5-kH/,  Range  Gate  0.  BSA  tl'i 
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W)  Figure  HO.  ChiUer  Varialtioin  wish  Sea  State,  Rayl'm'im  .S-MH/ l'>V.r.iricr.. 'il»'n(5p<?k  i 
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THEORETICAL  ATTENUATION  F’OR  TERRAIN  -  SEA  PATHS  (U) 


Dr.  R.  H.  Oil 


Imiilulv  for  Tcicrommunicalion  Sciences 
ESSA  Research  Laboratories 
Boulder.  Colorado  K0302 


I  INTRODUCTION  (U) 

( Ui  Recently'  un  intcttrul  ccjiintion  fur  calculating  the  attemialinn  of  radio  waves  propagating  over 
irre}!til.ir.  tnliontogcneotis  terrain  was  derived.  In  this  paper,  the  integral  eipiation  is  applied  to  four 
terrain  prordes;  a  (iaiissian-shaped  ridge,  a  sea*land-sea  path,  a  u>a>land-sea  path  with  an  island  and  a  slop¬ 
ing  Ivach  at  high  and  low  tide.  I'or  the  ease  of  the  Gaiissian-shaped  ridge,  the  soluoon  is  compared  with 
solutions  obtained  using  classical  methods  such  as  diffraction  theory. 


H  EXAMPLES  (Ut 


A.  A  Gaussian-Shaped  Ridge  (U) 

(U)  Tile  terrain  profile  is  shown  in  Figure  I.  The  ridge  is  I  km  high  at  a  distance  of  5  km  from  the 
transmitting  antenna.  This  example  was  chosen  as  a  check  on  our  formula's  capability  for  treating 
terrain  feature's  having  large  slopes.  TItc  slopes  for  this  example  arc  near  45"  for  some  points  on  the 
profile.  The  antenna  is  vertically  polarised  and  the  frequency  is  I  MH/..  Tlie  ground  condiicllvlty  is  0,01 
inho/m  and  the  dielectric  constant  is  10.  In  Figure  I  the  magnitude  of  the  attenuation  function 
normali/ed  to  twice  the  free  space  field  is  plotted  versus  distance  in  km  from  the  antenna.  The  observa¬ 
tion  point  (receiving  antenna)  is  located  on  the  profile  shown  in  Figure  I .  The  three  sets  of  data  in 
Figure  I  correspond  to  three  alternative  methods  for  computing  the  attenuation  function  and  two  of 
these  serve  as  a  check  on  the  accuracy  of  our  formulation.  The  solid  circles  were  computed  using  our  new 
integral  equation.  The  open  circles  were  computed  using  the  classical  Hufford-Feinberg^  integral  equation. 
Tlie  crosses  were  computed  using  simple  diffraction  theory  to  compute  the  attenuation  function  for  a 
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Hufford  -Feinberg 

Integral  Equation  Sommerfeld  Fiat  Earth 
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(U|  Figure  I .  Magnitude  of  (he  Alfenualion  Function  vs  Distance  for  a  Gaus.sian-sha|>ed  Ridge.  (Li> 
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rounded  kiril  ;  )gc  model  tor  the  ndge.  I  lu-  agreement  between  the  open  and  solid  circles  over  the 
entire  ange  demonstrates  the  validity  ol  our  new  tormulation.  l  lie  advantage  ot  our  lormulation  over 
the  Huttord-l  einberg  tonnulation  is  not  brought  out  in  this  example  since  the  lre«iucncy  is  suiricienlly 
low  so  that  accumulation  ot  rouiuKdt  error  characteristic  ol  the  liultord-l  einberg  loimulatum  at  fre- 
»Htenc;es  a'Hive  a  lew  Mil/  di*es  not  vKcur.  Both  integral  etpialion  solutions  agree  well  with  the  results 
based  or  dillraction  theory  on  the  -(liaded  side  ol  the  lull.  However,  the  dittraclion  resuits  do  not  predict 
'><e  large  peak  in  the  attenuation  lunclion  on  the  lit  side  of  ttie  lull  Hus  peak  in  the  attenuation  tunclion 
can  be  esplamed  by  considering  ilie  con\tniclive  mterlerence  between  a  dirc'  I  lay  Irom  the  antenna  to 
a  point  near  the  crest  of  llu  lull  and  a  ray  whuh  travels  along  ttie  surlace  belorc  reaching  ne  observation 
point  near  llie  crest.  Hus  |vak  has  a  magnitude  approximately  twice  llie  tree  space  Held.  The  field  drops 
sli.irply  on  the  far  side  of  the  hill,  then  partially  recovers  as  the  ray  dilTr.icled  at  the  crest  is  reinforced 
by  tlie  surlace  wave  traveling  down  the  slope. 

B.  .A  Soa-Laiid-Sea  Path  (U) 

(II)  The  terrain  profile  is  tint  in  this  example  and  the  grtnind  •onstants  cliange  abruptly  at  the  sea-land, 
land-sea  interfaces.  This  example  was  selected  as  a  check  on  the  mixed  path  capabilities  of  our  loniMila- 
tion.  in  f  igure  2  the  results  for  the  magnitude  of  the  ittenuation  function  nomiali/ed  to  twice  the  free 
space  ricKl  are  plotted  versus  distance  from  tlie  antenna  in  km.  The  antenna  is  vertically  polan/ed  and 
the  Irequency  is  10  Mil/.  Hie  solid  circles  represent  the  attenuation  function  computed  numerically 
using  vHir  new  fornuilation.  file  open  circles  in  Tigute  2  represent  the  attenuation  function  computed  by 
Kosicli  ti  rS  137)-’  using  a  periurbation  approach.  The  data  given  by  the  crosses  in  Figure  2  represent  the 
attenuation  function  computed  using  a  method  based  upon  the  classical  tesidue  series.  This  latter  method 
is  exact  for  the  three-section  earth  considered  in  this  example.  The  agreement  between  the  solid  circles 
rei>teser.tmg  our  new  integral  equation  and  the  crosses  appears  to  demt'nstrate  the  validity  of  the  formula¬ 
tion  m  treating  mixed  path  propagation  problems.  The  abrupt  changes  in  conductivity  and  dielectric 
constant  used  in  t^is  example  do  not  represc-nt  a  realistic  sea-land  interface.  Our  fonmilation  is  capable 
of  treating  a  continuous  variation  of  condiutivity  an-J  dielectric  constant. 

C.  A  Sea-Land-Sca  Path  with  an  Island  (ID 

(LD  I'his  example  b  a  combination  of  the  terrain  features  of  example  A  and  the  mixed  path  teatures  of 
example  B.  T  he  island  is  drawn  to  scale  in  Figure  3  and  its  elevation  is  250m  at  the  highest  point.  This 
elevation  may  be  greater  than  the  elevation  of  any  point  on  islands  ol  interest  in  the  MAV  BF  LL  program, 
tiowever.  this  elevation  is  much  smaller  than  the  elevation  on  some  islands,  tor  example  Mt.  Mauna  Toa  in 
Hawaii,  wliiclt  has  an  elevation  of  4  km.  t  he  magnitude  of  the  attenuation  fuiKtion  nonnali/ed  to  twice 
the  free-spase  field  versus  distance  is  plotted  m  Figure  3.  the  antenna  is  vertically  polarized  and  the 
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frequency  is  10  MH/.  l  or  comparison,  the  magnitude  of  the  attenuation  function  for  a  flat  island  is  also 
shown  in  figure  3.  I'lie  most  interesting  feature  of  figure  3  is  that  tiie  terrain  profile  has  a  greater  effect 
on  the  attenuation  function  than  do  changes  in  the  ground  constants.  I  his  may  he  an  important  consider¬ 
ation  in  the  MAY  Bf  LI.  program  since  the  field  strength  may  he  highly  attenuated  in  the  shadow  of  an 
island  with  moderate  elevations. 

1).  A  Sloping  Beach  at  High  and  Low  Tide  (Ul 

(fl)  riiis  example  was  hrought  to  the  author’s  attention  hy  Barrick'*.  The  terrain  profile  together  with 
the  assumed  ground  constants  are  shown  in  f  igure  4.  f  igure  4  also  shows  tlie  attenuation  function 
normali/ed  to  twice  the  free  space  field  plotted  versus  distance  from  the  transmitting  antenna  in  km.  In 
cases  of  interest  the  transmitting  antenna  may  he  as  far  as  1 20  km  from  the  heach'* ;  however,  for  this 
numerical  example  the  transmitting  antenna  was  taken  to  be  2  km  from  the  heach.  This  change  in  location 
for  the  transmitting  antenna  merely  changes  the  ordinate  scale  in  f  igure  4.  hut  not  the  general  features  of 
the  attenuation  function  as  the  radio  wave  strikes  the  heach.  The  antenna  is  vertically  polarized  and  the 
frequency  is  10  MHz.  The  solid  circles  represent  the  attenuation  at  low  tide  while  the  open  circles 
represent  the  attenuation  at  high  tide.  The  difference  in  the  attenuation  function  at  high  tide  and  low  tide 
approaches  zero  for  observation  points  high  up  the  beach.  This  is  partially  caused  by  the  focusing  proper¬ 
ties  of  the  profile  for  observation  points  high  up  on  the  beach.  The  model  used  to  study  attenuation  at  high 
and  low  tides  is  an  oversimplification  of  the  true  situation.  For  example,  the  water  table  under  the  dry 
sand  may  be  less  than  one  skin  depth  (approximately  16  meters  for  o  =  0.0001  mho/m  and  f  =  10  MHz) 
below  the  surface.  This  would  result  in  less  contrast  in  a  and  as  the  tide  varied.  There  is  the  additional 
problem  that  the  tide  comes  and  goes  every  1 2  hours  which  makes  o  and  functions  of  time.  This  in 
turn  makes  the  attenuation  of  the  radio  wave  a  function  of  time.  These  further  complications  are  however, 
completely  within  the  scope  of  applicability  of  our  formulation. 
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SLBM  RADAR  CROSS  SECTIONS  AT  HF  i  1) ) 
i,  N.  Ot  I/cl 

Stanford  Researcli  Institute 
\lcnl«>  Park.  California 


I  INTRODUCTION  (U) 


( fi )  1  ho  subinarino-liuincltcd  ballistic  missile  (SLBMt  is  distinguished  as  a  radar  target  chiclly  by 

tile  fact  that  it  is  a  mueii  smaller  and  more  difficult  target  than  a  large  ICBM.  It  is  physically  smaller 
at  launch,  since  both  U.S.  and  Russian  submarines  will  only  accommodate  missiles  that  are  about  10  m 
long.  Because  of  its  smaller  si/e  there  is  less  engine  thiust,  and  the  SLBM  generally  does  not  continue 
the  engine  burn  as  high  in  the  ionosphere  as  the  ICBM.  ^ 

(S)  The  current  Russian  SLBM's.  the  SSN-4  and  SSN-5  are  very-short-range,  liquid-fueled  missiles. 
Both  are  single-stage  missiles.  The  SSN-5,  the  larger  of  the  two.  has  a  maximum  range  of  about  1  .^00  km.. 
I  ngine  burnout  occurs  at  about  70  km,  when  the  missile  velocity  is  only  about  3.5  km/s. 

(Si  In  the  future,  multi-stage  Russian  SLBM's  with  performance  comparable  with  or  exceeding  that 
of  the  Polaris  can  be  expected.  The  A3  Polaris  has  a  maximum  range  close  to  5000  km.  and  second- 
stage  thrust  termination  occurs  at  about  170  km. 


II  LOW-ALTITUDE  CHARACTERISTICS  (U) 

(S)  When  a  missile  is  below  70  or  80  km,  the  burning  engine  does  not  increase  the  radar  cross 
section  very  much,  if  at  all.  When  radar  illumination  of  the  vehicle  passes  through  the  engine  plume, 
attenuation  may  occur  and  reduce  the  radar  cross  section  ( RCSi  to  extremely  small  values.  Because 
of  this  attenuation,  a  “blackout"  of  the  missile  echo  is  usually  observed  by  backscatter  radars  located 
near  the  missile  launch  site. 

( S)  When  the  missile  is  viewed  from  aspects  other  than  the  rear,  the  RCS  in  the  low-altitude  regime 
IS  simply  the  skin  cross  section  of  the  vehicle.  Siimples  of  the  skin  cross  section,  or  static  RCS,  of  the 
Polaris  and  .S.SN-5  are  shown  in  P'igures  I.  2.  and  3.  I'igure  I  shows  the  maximum  RCS  of  the  Polaris 
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Ivlorc  'dagiiin,  or  below  U)  km.  .l^  .1  link  tion  ol  trikiiieikA  In  tins  e.iK  iil.ilioii,  the  missile  ami 
iik  ideni  lieM  are  assumed  to  be  alii’iied  so  tlial  (be  eleelrie  lield  veelor  and  missile  a\i‘  ^re  parallel, 
(tiber  oiientalions  will  leduee  the  lU  S  liom  the  values  shown 


(Si  I  ti;ures  2  and  .1  show  Minilar  eah ul.iiions  lor  the  I'olaris  alter  slapin^:.  .mil  lor  the  SSN-*'.  I  s 
.immation  ol  these  lijiures  shows  Ih.il  the  l<(  S  is  ol  the  order  ol  10  m"  or  less  at  the  Ireiiueneies  below 
10  Mil/  that  are  ol  inosi  mteresi  to  M \^'  HI  l.l  .  Heeatise  the  SSN  5  is  somewhat  larjter  than  the 
I'ol.iiiN.  ils  KC’S  at  10  Mil/  mav  be  as  huge  as  ItM)  ni“.  but  no  enhaneement  over  this  value  shoiil  !  be 
esi'eiled  al  anv  altitude  beeause  ol  the  low  .illilude  ol  thrust  lerimnalioii. 


Ill  tNHANClAUiNTINTHEIONOSPHliRt  (U) 

(Si  II  tile  engine  thrust  eonimues  above  SO  km,  the  KCS  increases  with  altitude  due  In  shock 

ii'iu  .itioii  uound  the  boundarv  ol  the  esh.iusi  |ihime.  Hie  increased  KCS  due  to  this  mechanism 

eontmues  up  to  an  altitude  til  .ibout  1  20  km  where  the  mechanism  ol  RCS  enhancement  changes.  In 

S  ■* 

some  cases,  KCS  values  greater  than  10  111“  !i,ive  been  observed  on  Polaris  launches  in  this  altitude 

4  '> 

regime.  However,  it  is  not  imcomimui  lo  liiid  that  the  KCS  never  exceeds  10  111“  on  a  particular  launch. 

(Si  1  igures  2  and  4  show  tlie  range  ol  results  obtained  by  11  I  and  Al CRl.  on  the  most  I'avorablc 
tests  ol  the  ld(i4  measurement  series  at  Al  I  I  K.  Of  IS  Polaris  launches  observed,  each  organi/.ation 
chose  to  reduce  data  on  just  three  launches  lor  reasons  of  economy  and  because  tlie  data  i|uality  was 
poorer  on  the  other  launclics. 

tS)  Observations  ol  larger  missiles,  such  as  the  Minuteman.  show  that  the  RCS  generally  rises  as  the 
missile  continues  to  burn  above  I  20  to  1 30  km  in  the  daytime,  but  that  the  RCS  falls  dramatically  above 
that  altitude  al  night.  Hie  result  is  a  considerable  overall  difference  in  detectability  between  day  and 
night  observations. 

(S)  Where  the  Polaris  has  been  observed  to  burn  above  130  kin.  the  continued  rise  of  RCS  in  the 
day  time  has  not  been  observed.  The  large  RC  S  at  about  I40  km  in  the  ITI  data  (I'lgure  3 1  is  apparently 
associ.ited  with  separation  of  the  re-entry  body .  Making  allowance  for  the  separation  peak,  no 
liigh-altitude  enhancement  is  seen  in  the  data  of  Figures  3  and  4. 
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IV  IMPLICATIONS  FOR  MAY  BELL  (U) 


t  St  rite  SLBM  IS  an  cxlfcincly  dctr.anding  target  for  either  an  Dill  system  or  a  semi-OTH  system 
Midi  a  loM-}>ower  illuminating  transmitter,  such  as  is  contemplated  in  the  BI  I.W  concept  While  larger 
KCS  values  are  obtained  on  iKcasion.  it  seems  best  to  expect  the  R(  S  to  be  ol  the  order  of  50  m  in 
the  first  lew  km  at  launch,  and  10'^  to  I  o'*  in'  at  100  to  1 20  km  The  enhanced  RCS  at  high  altitudes 
may  last  lor  a  few  seconds  only  ,  which  provides  an  additional  problem  for  detection. 

I  St  Obsersations  prior  tiv  the  present  have  generally  been  made  at  1 2  Mil/  o!  above.  It  would  be 
useful  It  tests  of  the  MAY  BELL  injuipment  would  also  provide  some  observations  in  the  6-  to  lO-MII/ 
range 

(St 


(St  Fifure  4.  Composite  Plot  of  RCS  as  a  Function  of  Altitude  for  the  ITT  Data  from  Tests  0324. 
2903,  and  2«SS  (Ui 
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MEASURED  SHIP  CROSS  SECTIONS  I U) 

J.  M.  Headrick 

Naval  Research  Laboratory 
Washington.  D.  C. 

(Si  (  ri'svscction  determinations  have  been  made  with  the  MADRL  radar  using  ground-wave 
propaj;.!tion  A  quarter-wave  monopolo  liKated  on  the  Chesapeake  Bay  has  been  the  gain  standard  usi-d 
lor  .intenn.1  calibration.  The  water  conductivity  has  been  measured  lor  each  test  and  a  path-loss  dctermina' 
tion  nude  .liter  the  program  of  L.  Berry  of  ESSA. 

(St  I'lgure  I  shows  a  MAY  BELL  buoy  that  was  fitted  with  a  modulated  I  lO-Hz)  antenna  by  EPL-ITT. 

I  igure  r  is  an  c.\ample  of  the  characteristics  of  this  type  ta^t.  The  left  column  contains,  from  top  to 
Kittom.  the  echo  amplitude  of  one  sideband  versus  time,  the  Dopplers  (9.S  llz  and  lO.S  Hzt  versus  time, 
.mil  the  amplitudes  versus  frequency.  A  one-half  Hz  offset  from  zero  was  used  to  obtain  the  above.  In  the 
column  on  the  right  a  similar  set  of  pictures  (in  different  order)  are  shown  but  with  a  true  zero  trequency 
reduction.  Notice  that  the  two  sidebands  do  interfere  both  constructively  and  destructively  depending 
upon  tile  time. 

(Si  Eigure  shows  the  radar  return  from  the  final  version  of  the  buoy  antenna  target.  The  target 
appears  at  7.5  and  M.5  Hz.  the  level  reference  at  10.5  Hz.  The  radar  area  determined  for  one  sideband  was 
t'>  dB  ni* .  The  relation  used  was 

P,  (4»)’  E* 
a  - 

P,  G-  X*' 

where  E  is  the  ground-wave  Km  factor  per  L.  Berry  of  ESSA. 

( I  I  I  igure  4  gives  normalized  signal  levels  made  using  the  above  techniques  on  HMS  Arethuva.  a 
Hritidi  Ifieate  The  difference  between  the  curve  defined  by  these  points  and  the  plotted  loss  curve  gives 
the  radar  area  t  he  droop  in  the  signal  levels  at  the  longer  ranges  due  to  shielding  by  Cove  PoirI  is  seen 
in  I igure  ' 

it  I  figure  b  Is  a  picture  ot  the  US.S  Ihottias.  and  figure  7  gives  ilie  radar  area  delerminatHin 


ill  figure  H  IS  a  picture  ol  the  CSS  f  urer.  and  figure  **  gives  the  radar  area  determination 
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(S)  Figures.  TULIP  I912Z.  I S/IS/F'),  lOMHr,  UO  cIBW.  25  iimi  (Ul 


1 


SECRET 

1 1  Ills  it.i'Ji'  mKlasMtu'dl 


8 


(U)  Figures.  Chesapeake  Bay  (I!) 
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(S)  Figure  7.  Normalized  Signal  Levels  from  USS  Lloyd  Thomas  (U) 
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HF  BACK  SCATTER  FROM  A  SHIP’S  WAKE  (U) 


D.  D.  Crumbie 

Institi'te  for  Telecommunication  Sciences 
ESSA  Research  Labs.  Boulder,  Colorado  K0.f02 


I  INTRODUCTION  (IJ) 

(in  In  1%8  the  writer  suggested  at  a  Defense  Science  Board  (l)SB)  meeting  that  the  highly  period  c 
structure  of  a  ship’s  wake  might  have  a  large  resonant  scattering  cross-section.  It  was  also  suggested  that 
at  some  aspects,  at  least  the  Doppler  shift  of  signals  resonantly  scattered  from  the  wake  would  be  differ¬ 
ent  from  that  of  the  signals  resonantly  scattered  from  the  sea.  As  a  result  Dr.  H.  Kurss  has  investigated 
how  the  Doppler  shift  from  a  wake  depends  on  the  ship’s  velocity,  on  the  direction  of  incidence,  and  how 
its  value  at  resonance  compares  with  the  Doppler  shift  of  the  sea  clutter.  He  has  also  investigated  how  the 
scattering  cross  section  depends  on  the  same  factors.  Tfiis  note  will  summari/e  his  results. 


II  DOPPLER  SHIFT  (U) 

(S)  The  Doppler  shift  of  the  signal  back  scattered  from  the  sea  is  given  by 

(Af^),  =  ^  k:’"'  3'^*  /4rr)  (g/v|  cos  {0 1 0^)  p) 

while  the  Doppler  shift  of  the  signal  scattered  from  the  wake  at  resonance  is  given  by 

(Afj)^  =  (3''V4jr)  (g/v)  (cos  0/|  cos  (0  1 0 , )  |  ) 

Thus  the  ratio  is  given  by 

(Af^)j.=  •  a  cos  0/ jeos  <.0± 

where  a  =  3 =  0.9306,  d  is  the  angle  between  the  direction  of  the  transmitter,  as  seen  from  the  ship, 
ani.  the  direction  of  the  ship’s  motion,  and  v  is  the  ship  velocity  while  g  is  the  acceleration  of  gravity. 

The  angle  0^  is  the  inclination  of  the  cusp  lines  of  the  wake  to  the  direction  of  travel,  and  has  a  value 
0^  =  19*^  :k'. 


(S)  I  quatioii  1  is  ploltcU  in  I'igurc  1,  and  shows  that  except  when  'W  is  in  the  renion  of  20  to  40“ 
there  is  a  sinnilicant  difterence  in  the  two  Doppler  shifts  Hiis  difference  should  enable  a  wake  echo 
to  be  separated  from  the  sea  clutter  in  a  properly  designed  monostatic  system. 


Ill  SCATTtRING  CROSS  SECTION  |U> 


(Si  Dr.  KursS  has  also  developed  formulae  giving  the  scattering  cross  section  of  the  wake.  An  approxi¬ 
mate  version,  which  assumes  that  the  width  of  the  cu.sp  line  is  is 

0  =  const  (K/k)*  N'*^’f  (Ol 

where  tlie  const  -  24. 1 .  and 

K/k  -  I.S45  n 

where  is  the  elevation  of  the  nth  crest  along  the  cusp  line.  N  is  the  number  of  crests  along  the  illumi¬ 
nated  portion  of  the  cusp  line.  The  factor  f(0)  contains  the  angular  dependence  and  is  given  by 


f«/)  = 


sin  (0  *  0^) 
cos (0  i  ) 


where  0.  0^^  and  are  shown  in  Figure  I .  The  variation  of  f(0)  with  0  is  shown  in  Figure  2.  It  is  evident 
that  the  cross  section  is  ^ero  when  0  =  0j,  but  otherwise  shows  no  rapid  dependence  on  0. 


(S)  At  a  ship  velocity  of  20  knots,  the  frequency  (fr)  of  resonance  with  cuspidal  components  of  the 
wake,  along  the  direction  of  the  ship’s  velocity,  is  -2.0MHz,  the  wake  wavelength  (X^^)  is  -75m.  If  the 
wake  amplitude  is  0.75m  ( l/IOO  of  the  wavelength)  one  wavelength  behind  the  ship,  K/k  =  1.37,  If  the 
illuminated  length  of  the  wake  is  lOkm,  N  =  10,000/75  =  133  and  N^^^=700.  From  Figure  1,  f(0)sO.74 
Thus  the  scattering  cross  section  for  one  component  of  the  wake  is  -  23,500m^ ,  at  resonance. 


(S)  Yim  and  Tulin  indicate  that  the  surface  wake  of  a  submarine  30  ft.  in  diameter,  327  ft.  long,  at  a 
depth  of  X2  ft.,  and  having  a  velocity  of  20  knots  will  have  an  amplitude  of  0.27  meters  at  5  wavelengths 
behind  the  submarine.  Thus, 


K/k=  1.845  <5)‘'^x. 27=  1.1. 

The  other  parameters  being  the  same,  the  cross  section  of  one  arm  of  the  wake  is-'f  100m*  at  resonance. 
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IV  NOTES  ON  DETECTION  OF  SUBMARINE  AND  SHIP  WAKES  (U) 


(S)  (  urrcHt  calculations  indicate  that  the  radar  cross-section  of  a  wake  can  be  very  large  (  ~  1 0^  ) 

at  resonance. 

(S)  The  frequency  of  the  i\idar  depends  quite  critically  (  <  1%)  on  the  ship’s  velocity  and  heading. 
Thus  the  radar  must  step  with  very  small  changes,  in  frequency. 

(S)  The  Doppler  shift  of  the  wake  differs  significantly  from  the  Doppler  shift  cf  the  sea,  over  quite  a 
wide  range  of  azimuth  angles.  However,  the  differences  are  such  that  Doppler  resolution  of  1  /  lOO  Hz  or 
so  are  required.  This  implies  observation  tunes  of  a  few  minutes.  The  use  of  a  bistatic  radar  is  also 
contra-indicated. 

(S)  Submarines  produce  surface  wakes  of  significant  amplitude  if  they  are  shallow  enough  and  fast 
enough.  Current  calculations  suggest  that  the  wakes  might  be  detected  for  depths  of  up  to  200  ft  and  for 
speeds  greater  than  20  kts  (lower  speeds  require  smaller  depths). 

(S)  At  such  speeds  radar  frequencies  as  low  as  I  MHz  are  required.  At  these  frequencies  the  obtain- 
.  able  radar  range  is  quite  large  compared  with  those  obtainable  at  higher  frequencies  because  of  the  small 

ground  wave  attenuation. 

(S)  Provided  the  wake  Doppler  can  be  separated  from  the  clutter  Doppler,  a  radar  for  detecting  wakes 
will  be  noise  limited.  Thus  the  minimum  wake  amplitude  which  is  observable  will  depend  only  on 
ambient  noise  levels  and  transmitter  power. 

(S)  1  visualize  that  a  radar  for  detection  of  wakes  would  consist  of  a  pulsed  monostatic  system  with 

360°  illumination.  Pulse  rates  should  be  as  high  as  possible  consistent  with  avoidance  of  sky  wave  clutter. 
Each  pulse  will  be  transmitted  at  a  different  (by  <  1%)  frequency  from  the  previous  one.  The  complete 
frequency  scan  will  be  completed  within  half  the  period  of  the  Doppler  shifts  expected.  Successive 
signals  at  the  same  frequency  will  be  added  coherently. 

(S)  After  signals  from  one  or  both  "arms”  of  the  wake  are  detected  their  bearing  can  be  determined 
by  various  methods.  It  is  presumed  that  the  received  signals  wUl  be  processed  as  indicated  above  in 
several  range  gates. 
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FLEET  AIK  DEFENSE  REQUIREMENTS  (U) 
Paul  T.  Stine 

Radar  DivLsiim.  Naval  Research  Laboratory 
Washington.  D.C.  20390 


I  INTRODUCTION  (U) 

(S)  Our  Navy’s  problem  in  terms  of  licet  air  defense  (FAD)  requirements  is  posed  by  the  fact  that 
fleet  units  must  operate  in  a  hostile  environment  under  constant  surveillance  by  trawlers,  submarines, 
■’neutral"  shipping  vessels,  aircraft,  certain  types  of  land-based  sensors,  and  possibly  satellites,  each 
making  use  of  sensing  techniques  available  as  a  result  of  a  rapidly  advancing  technology.  In  order  to 
operate  effectively,  our  fleet  units  need  improved  surveillance  data  providing  detection,  identification, 
and  location  or  track  of  a  threat  while  sufficient  time  remains  for  defensive  reaction.  This  surveillance 
capability  needs  to  be  available  under  all  weather  conditions,  effective  under  EMCON  operating 
conditions,  highly  reliable,  and  capable  of  providing  data  of  sufficient  accuracy  and  timeliness  as  to  be 
useful  to  shipboard  defensive  systems.  In  addition,  the  surveillance  system  must  not  obviate  an 
appropriate  offensive/defensivc  balance  within  fleet  units. 


II  DOCUMENTED  REQUIREMENTS  tU) 

( S)  Officially,  the  Navy’s  requirements  for  fleet  air  defense  are  covered  by  General  Operational 
Requirement  IGOR)  17  titled  "Surface  Anti-Air  Warfare”  w’.iich  essentially  says  that  all  ships  must  be 
able  to  defend  themselves  against  short-range  mmiles.  and  large  tactical  units  must  be  able  to  counter 
threats  from  all  sources  including  space  vehicles.  Advanced  Development  Objective  (ADO)  1  7-23X. 
"Shipboard  Surface  Wave  Radar”  deals  more  specifically  with  the  probable  threat  possible  require¬ 
ments  for  shipboard  surface-wave  radar  as  a  means  of  over-the-horizon  (OTH)  detection  of  the  threat. 


Ill  NATURE  OF  THE  THREAT  (U) 

( S)  The  threat  as  defined  by  ADO  1 7-23 .X.  summarized  in  Figures  I  and  2.  is  a  low-fly  ing 
(40  ft  altitude)  target  capaMe  of  at  least  lOO-nmi  range  and  having  a  radar  cross  section  (KCS)  of  one 
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square  iiK'tor  in  ttic  high  la-qiicncy  (HI  )  band.  This  R(’S  seems  to  be  reasonable  as  substantiated  by 
model  measurements  shown  in  l  igure  .1.  Along  with  low-llying  attack  aireratt  and  such  air-launehed 
missiles  as  the  SS-(  -2  (SAMLI  I'I,  the  patrol  boat-launched  SS-N-2  (SI  YX)  missile  and  the  Irigate  or 
submarine-launched  SS-N-3  (SHADDOCK)  missile  are  commonly  accepted  as  being  representative  of 
todav  s  threats.  The  actual  range  capabilities  of  the  SS-N-2,  .SS-('-2.  and  SS-N-.(  are  22,  45.  and 
250  null  respective!) .  It  is  reasonable  to  expect  tliat  the  threats  of  the  near  future  will  be  capable  of 
n>ing  farther,  lower,  and  faster  than  tlie  above  mentioned  missiles. 


IV  THE  REAL  NEED  (U) 

(S)  In  summary,  the  Navy's  real  need  seems  to  be  a  surveillance  system  liaving  the  following  basic 
cliaracteristics  and  pertorniance; 

•  Aii-weather  operating  capability. 

•  I  ffectiveness  under  LMCON  conditions. 

•  Large-area  coverage  (approximately  a  .500-nmi  radius  from  licet  unit). 

•  Mobility  to  cover  operating  area  of  interest. 

•  Compatibility  with  ships  defensive  and  offensive  weapons  systems. 

•  High  reliability. 

•  Ability  to  detect,  identify,  and  track  small  (RCS  =:  IM^ ). 
low  flying  (H  ~  10  ft)  targets. 

•  A/.imuthal  accuracy  of  *  5‘*or  better  (as  seen  from  the  fleet  unit). 

•  Range  accuracy  of  -  5  nmi  or  better  (as  seen  from  the  fleet  unit). 

•  Velocity  accuracy  of  *  5  knots  or  better  (relative  to  fleet  unit). 
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IC)  Figure  i.  ADO  1 7-2JX.  Brief  and  Objectives  tU) 


<S)  Figuir  2.  ADO  1 7-23X.  Summary  of  Amplifying  Data  tUl 
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V  POSSIBLK  OTH  SOLUTIONS  (U) 


tS)  A  list  ol  possible  solutions  to  the  Navy's  large-area  surveillance  problem  includes  AI  W  radar, 
lielicopter-borne  radar,  passive  I  CM.  satellite  surveillance,  sky  wave  radar,  surlace-wave  radar,  and 
inicrow.ive  radar  propagating  in  the  evaporative  duel.  Needless  to  say.  each  has  its  advantages  and 
liniitatioiis.  Both  .AI  W  radar  and  helicopter  radar  methods  ol  looking  over  the  liori/on  suffer  from 
weather  and  logistics  problems.  Passive  ICM  is  useless  against  a  non-radiating  threat.  Satellite  sur¬ 
veillance  laces  severe  logistics,  weather,  and  .iccuracy  problems.  Skywave  radar  has  range  and  a/imuthal 
.iccur.icv  limitations  along  with  problems  of  propagation  path  availability  as  illustrated  m  l  igure  4. 
Monostatic  surface-wave  radars,  due  to  high  surface-wave  attenuation,  would  reipiire  powerful  trans¬ 
mitters  and  large  antennas  as  illustrated  in  i'igures  5  through  7.  would  be  limited  by  practical  consider¬ 
ations  to  detection  ranges  of  about  SO  to  100  nmi  and  would  not  be  usable  under  l-Mf’ON  conditions. 
Microw.ive  radar  propagation  in  the  evaporative  duct  would  also  violate  I  MCON  conditions  and  is 
probabU  limited  to  ranges  of  SO  to  100  nmi.  In  addition,  much  remains  to  be  learned  about  the  time. 
sp.ice.  and  thickness  variabilities  of  evaporative  ducts. 

tSi  One  other  pos.sible  solution  is  a  hybrid  system  in  which  one  or  more  optimally  designed  mobile 
skywave  radars  each  operate  monostalically  to  provide  large-area  surveillance  (  ;  500-nmi  radars) 
around  a  fleet  unit,  the  surveillance  data  being  transmitted  to  the  fleet  unit  by  regular  communication 
links.  Inasmuch  as  the  skywave  radars  are  illuminating  the  area  of  interest,  lleet  units  can  be  equipped 
to  make  bistatic  detection  and  liKation  of  threats  coming  within  a  range  of  about  SO  to  100  nmi  as 
shown  in  l  igures  H  and  In  this  approach,  the  range  accuracy  of  the  bistatic  data  is  quite  dependent 
upon  strategic  positioning  of  the  skywave  illuminators  relative  to  the  fleet  unit  as  shown  in  Figure  10. 
■Vltliough  the  bistatic  range  accuracy  of  such  a  system  leaves  something  to  be  desired,  it  would  appear 
to  have  ill  of  the  desired  characteristics  listed  under  Section  IV  with  a  high  probability  of  solving  the 
total  problem. 

VI  CONCLUSIONS  tU» 

(Si  It  is  concluded  that  .he  hybrid  skyv^.avc/surface-wave  system  suggested  above  and  summari/ed 
in  Figure  1  I  offers  a  practical  solution  to  the  Navy’s  problem  of  OTH  surveillance,  and  it  is  recommended 
that  stei's  be  taken  toward  implementation  of  such  a  system. 
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I U I  Figure  4.  Percentage  of  Time  Radar  is  Effective  as  a  Function  of  Range  <  U I 
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(S)  Figure  7.  Estimated  Characteristics  of  Shipboard  Surface  Wave  Radar  Systems  (U) 


(S)  Figures.  Bistatic  Surface  Wave  Radar  Ccncept  and  Geometry  (G) 


(S)  Figure  10.  Illustration  of  Geometric  Limitations  of  BSWR  Range  Accuracy  (U) 
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(S)  Figure  1 1.  Hybrid  System  for  OTH  Surveillance  (U) 
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FLEET  AIR  DEFENSE  REQUIREMENTS 
FOR  EARLY  WARNING  (U) 


Richard  J.  Hunt 

The  Johns  Hopkins  University 
Applied  Physics  Laboratory 
M62t  Georgia  Avenue 
Silver  Spring,  Maryland  209 1 0 

I  INTRODUCTION  lU) 

(C)  rtiis  paper  discusses  gross  retiuirements  for  detection  and  alerting  of  a  Naval  Task  Force  against 
the  primary  anti-ship  cruise  missile  threat.  A  system  which  adecjuately  meets  this  threat  will  almost 
certainly  satisfy  requirements  of  lesser  threats.  An  example  of  a  coordinated  missile  attack  which  might 
be  expected  against  a  Task  Force  in  the  open  (Kcan  is  discussed  to  highlight  the  salient  features  of  the 
various  types  of  weapons  available  to  the  enemy.  To  provide  adequate  AAW  defense  against  such  an 
attack,  the  AAW  force  commander  requires  warning  of  an  impending  attack  with  enough  time  so  that 
he  may  use  his  defensive  AAW  weapons  in  the  best  way.  The  actions  that  need  to  be  taken  to  prepare 
the  defense,  together  with  factors  affecting  decisions,  are  outlined.  Gross  requirements  for  threat 
recognition,  time  and  bearing  arc  given.  Because  of  the  need  to  communicate  early  warning  information, 
a  functional  description  of  an  intership  communication  system  based  on  NTDS  is  provided  (Figure  1 ). 

( U )  The  ensuing  discussion  follows  each  of  the  charts  in  the  presentation. 


II  COORDINATED  MISSILE  ATTACK  (FIGURE  2)  (U> 

((')  The  Soviet  Navy  has  been  growing  considerably  during  the  last  10  years  with  the  introduction 
of  many  new  types  of  ships,  missiles  and  aircraft.  The  anti-ship  missile  threat  has  now  reached  a  level 
of  quality,  diversity,  force  si/.c  and  geographical  depio;  ment  that  establishes  it  as  a  major  constraint  on 
U  S  fleet  operations.  The  threat,  although  developing  i a  detail,  is  established  in  general  pattern  and 
cannot  be  expected  to  change  radically  any  more  than  the  U  S  could  easily  diverge  from  the  attack 
Carrier  Task  Force  concept. 

( U)  A  well  coordinated  mis.sile  attack  in  open  seas  might  be  expected  as  shown  in  Figure  2. 
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(U)  Figure  1.  NTDS  Modes  of  Net  Operation  (U) 
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((’)  1  his  tiroup  is  capable  of  launching  45  to  55  missiles  at  the  USN  force  within  a  peiiod  of  about 

5  to  10  inirutes.  About  40  to  45  missiles  will  be  successfully  Hying  objects  and  will  enter  the  air  space 
abtiiit  the  USN  force.  Approximately  .'’5-,15  should  be  operable  seeking  missiles.  It  should  be  noted  that 
40  to  45  missiles  are  engagcable  targets  since  the  defenses  cannot  know  which  seekers  are  operable.  The 
defenses  are  thus  faced  with  about  5  to  1 1  targets  per  minut‘*  if  the  attack  is  well  c(M)rdinated.  I  hese 
targets  may  be  approaching  the  defense  over  about  as  large  as  1 20"  angular  sector. 

((')  It  should  be  noted  that  roughly  half  the  missiles  came  from  submarines,  meaning  the  surfaced 
launch  platforms  are  essentially  undetectable  until  2  to  3  minutes  before  laun  :h. 

((■)  The  enemy  can  be  expected  to  supp<»rt  such  an  attack  with  high  levels  of  stand-off  barrage 
lamming.  In  addition,  air  traffic  density  will  be  higli  and  can  be  expected  as  a  normal  part  of  the  en¬ 
vironment.  Traffic  density  will  be  vaiiable  depending  primarily  on  distance  to  shore.  Typically,  on  the 
order  of  50-100  friendly  air  tracks  can  be  expected  for  operations  close  in  to  shore  and  20-50  friendly 
tracks  for  open  ocean  situations. 


Ill  FUNCTION  OF  EARLY  WARNING  (FIGURE  3)  (U) 

(O  The  primary  purpose  of  early  warning  is  to  provide  timely  information  to  the  AAW  force 
commander  so  as  to  ensure  that  the  actions  necessary  for  preparing  weapon  systems  to  best  cope  with  an 
attack  have  been  taken.  The  actions  that  are  taken  will  depend  on  the  information  available  to  the  com¬ 
mander  and  the  level  of  confidence  he  has  in  the  validity  of  the  information. 

(O  The  most  critical  factor  in  a  good  defensive  posture  is  bringing  system  manning  levels  to  GQ. 
Commanders  are  reluctant  to  take  tl-is  action  unless  timely  and  positive  threat  recognition  can  be  pro¬ 
vided.  Recent  fleet  exercises  have  demonstrated  that  detection  of  targets  with  modified  condition  3 
watches  is  the  single  most  limiting  factor  in  defensive  capability  against  simulated  high  density  raids. 

(C)  To  bypass  the  many  normal  sequential  steps  in  the  processing  of  targets,  SAM  and  FW  systems 
are  being  built  today  (some  elementary  systems  have  already  been  installed)  with  so-called 
'Threat  Responsive  Modes’  of  operation.  Basically,  this  system  concept  depends  on  adequate  recognition 
or  identification  of  the  threat.  Some  thoughts  on  providing  positive  threat  recognition  are  shown  on  the 
next  chart.  If  the  fleet  has  chosen  to  use  EMCON  as  a  deceptive  measure  and  positive  threat  recognition 
can  be  obtained,  doctrine  should  be  established  to  remove  radiation  silence. 

(C)  Some  of  the  actions  which  will  enhance  detection  and  target  processing  are  to  employ  limited 
a/imuth  search  by  the  operators  of  radar  consoles,  to  use  fire  control  radars  in  automatic  sector  search  and 
to  bring  the  force  PIM  to  a  direction  which  will  unnr.ask  radars  and  launchers.  These  actions  depend  on  an 
adci|uate  knowledge  of  attack  bearing. 
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Well  Coordinated 


PROVIDE  INFORMATION  WHICH  WILL  ASSIST  THE  AAW  FORCE 
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(Cl  Figure  .1.  Function  of  Early  Warning  (U) 
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(C)  riu-  use  ol  interceptors,  '.  otli  (.  AP  and  1)1.1.  depends  on  suHkient  time  to  bnnj;  these  systems  to 
bear  against  a  known  attack  bearing.  Interceptors  can  play  a  primary  role  m  destroying  launch  vehicles 
prior  to  missile  launch,  destroying  jammmg  aircraft  and  assisting  m  the  ideiititlcation  priKess.  I  imely 
knowledge  of  an  attack  bearing  can  help  the  force  commander  in  redeployment  of  surlace  elements  in 
a  way  to  K’st  defend  the  high  salue  target.  Kedeploymeiit  may  be  particularly  appropriate  if  ships  have 
Kvn  diNposed  in  missile  traps  or  are  on  ASW  missions  and  the  threat  infonnation  clearly  establishes  that 
the  attack  is  vectored  to  tlie  high-value  target. 


IV  THKb.ATKKCO(;NmONlFigure4)  lU) 

t(  >  Since  the  key  element  in  taking  actions  for  a  good  defensive  posture  depends  on  positive  threat 
recognition,  it  is  useful  to  examine  characteristics  of  the  threat  appropriate  to  the  system  under  consider¬ 
ation  which  may  be  germane  to  identification.  Hie  most  striking  characteristics  of  the  missile  threat, 
independent  of  radiation  signatures,  are  the  Dojipler  separation  from  the  launch  vehicle  and  the  kinematic 
profile  of  the  target.  The  airlaunched  missiles  current  today  are  discernible  by  a  Doppler  of  about  50  knots 
winch  probably  will  not  be  smaller  tlian  this  in  the  future.  Subs  will  surface  prior  to  launch  for  a  few 
mnuiles  and  are  subject  to  detection  before  missiles  are  fired  so  that  the  Doppler  from  surfaced  vessels  is 
a  threat  indication.  Obtaining  velivity  vector  to  within  10"  will  give  the  force  commander  an  indication 
of  the  success  or  failure  of  missile  traps  and  dictate  the  need  for  ship  redeployment. 


V  GROSSREQUIREMENTSTO  ALERT  FORCE  TO  IMMINENT  ATTACK  (Figure  5)  (U) 

((■)  l  ime  and  bearing  requirements  for  the  several  defensive  systems  arc  shown  on  this  chart.  Time 
requirements  translate  into  range  based  on  current  missile  s|>ecds  of  about  Ml.O  and  possibly  M2.0  in  the 
future.  1  he  limiting  factor  in  time  is  the  delay  associated  with  bringing  ships  to  (IQ.  Ten  minutes  implies 
a  range  from  the  task  force  of  the  order  of  100-200  nmi  which  corresponds  roughly  to  possible  missile 
launch  range  and  is  therefore  compatible  with  the  requirements  for  positive  threat  recognition.  Time 
reiiuirements  for  poor  ship  disposition,  however,  are  not  satisfactory  for  the  force  commander  to  alter 
deceptive  deployment  tactics. 

i(  I  Bearing  requirements  for  search  radars  are  based  on  limited  experience  in  fleet  exerci  es  which 
show  that  operators  do  not  detect  targets  froni  simultaneous  bearings  separated  more  than  ^>0".  Fire 
control  radar  bearing  accuracies  stiould  be  within  the  automatic  sector  search  patterns  of  these  radars 
which  vary  from  15“  to  20". 
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(O  Figure  4.  Threat  Rri'ognitiun  (U) 
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(C>  Figures.  Gross  Requirements  to  Alert  Force  to  Imminent  Attack  (13) 
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(O  For  interceptors,  a  CAF  station  at  about  100  nmi  requires  sufficient  time  to  achieve  intercept  of 
the  launch  craft  prior  to  missile  launch.  Greater  detection  ranges  will  permit  the  interceptors  to  act  in  the 
role  of  threat  identification  and  could  well  provide  the  information  in  time  for  force  redeployment  for 
effective  surface  action.  Bearing  accuracies  for  interceptors  should  be  within  the  Al  radar  scan. 


VI  POSSIBLE  COMMUNICATION  CONTROL  (Figure  6)  (U) 

(O  With  regard  to  intership  communication  of  detection  information,  the  critical  question  is;  Is  the 
force  using  i.  xON?  If  there  is  liigh  confidence  in  threat  identification,  then  independent  of  h.MC'ON 
status.  dcKtrine  should  be  to  use  the  nonnal  communication  channels.  If  routine  detections  occur  in  the 
system  without  positive  threat  indications,  then  if  the  force  is  not  in  HMCON,  normal  communications 
should  be  used.  On  the  other  hand,  if  the  force  is  in  EMCON,  intership  communications  should  not  be 
used  but  the  control  ship  should  have  the  computer  capacity  in  algorithms  essential  for  computation  of 
inferences  on  threat  hostility. 


VII  INFORMATION  FLOW  TO  PROVIDE  INPUTS  TO  THE  ID  PROCESS  (U) 

(O  Systems  of  the  future  will  use  more  sophisticated  computer  computational  schemes  to  correlate 
observations  and  intelligence  and  planning  information.  A  number  of  actions  must  be  integrated  to  im¬ 
prove  the  ID  process.  Each  combat  unit  which  must  engage  contacts  or  assist  in  identification  must  per¬ 
form  the  subprocesses  of  identification  as  shown  in  Figure  7. 

(O  The  initial  ingredients  in  the  process  are  the  plans,  codes  and  information  available  concerning 
friendly  forces.  These  provide  part  of  the  inputs  to  the  correlation  process  of  the  ID  function.  The 
observ  ations  made  on  contacts  provide  the  other  inputs.  Out  of  this  then  comes  the  degree  of  correlation 
between  the  data  on  hand  and  the  observations  which  is  then  applied  to  an  inductive  or  inference-making 
device  to  derive  an  estimate  of  the  degree  of  hostility  of  the  contact. 

((  )  This  identification  process  must  supply  the  degree  of  hostility  information  to  the  threat  evaluation 
function  to  ensure  that  there  is  an  efficient  pro'.'cssing  of  targets,  i.e.,  that  weapons  can  be  assigned  to 
hostile  targets  in  a  timely  manner.  Identification  should  also  carry  through  to  the  weapon  commitment 
stage  so  as  to  provide  a  final  estimate  of  contact  hostility  when  a  weapon  is  committed. 
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(Cl  Figure  6.  Possible  Communication  Control  (U) 


ACTS  FROM 


Information  Row  to  Provide  Inputs  to  Identification  Process  <U» 


my/MBtm  pace  uamk  .  not  rzxMiD 


SECRET 


FAD  HISTORY  (U) 

J.  M.  Headrick 

Naval  Research  Laboratory 
Washington,  D.  C. 


(S)  The  missile  threat  to  ships  was  the  inspiration  for  considering  bistatic  HF  radar.  The  method 
was  to  use  remote  sky-wave  illumination  of  low-altitudes  targets  near  a  ship  and  to  detect  the  target- 
scattered  energy  by  a  ground-wave  path  to  a  ship-mounted  receiving  radar  station.  Some  sample 
calculations  were  made  i  t  1967  that  suggested  feasibility.  Figure  1  gives  expected  monostatic  sky-wave 
radar  performance  for  a  set  of  assumed  radar  and  target  parameters.  The  ionospheric  model  was  per 
ITSA-1.  Figure  2  gives  expected  monostatic  ground-wave  radar  perfonnance  for  three  operating  fre¬ 
quencies  spread  over  a  greater  frequency  range  than  the  set  required  in  Figure  I .  In  Figure  3  bistatic 
performance  is  given  for  the  required  frequency  extremes.  These  computations  indicate  the  bistatic 
method  has  possibilities;  the  analysis  is  treated  in  more  detail  in  an  appendix  of  i-.e  MSDS  Group  Secret 
Report  “Missile-Threat  Ship  Defense  Study”  (U)  of  8  May  1968. 

(S»  A  series  of  experimental  tests  have  been  made  using  ESSA  transmissions  for  illumination  and  the 
MADRF  facility  on  Chesapeake  Bay  for  reception.  Figure  4  is  an  early  example  that  shows  resonant  wave 
echoes  received  by  ground  wave.  Figure  5  is  a  later  example  with  higher  power.  In  addition,  some  tests 
have  been  conducted  using  the  ESSA-received  signal  as  a  reference. 

( U 1  The  ARPA  FAD  experiments  were  planned  to  completely  demonstrate  the  b^isic  feasibility  of  low- 
altitude  bistatic  detection  and  to  expose  both  the  capabilities  and  required  system  design  features. 

(.S)  It  is  felt  that  the  ARPA  FAD  Icsts  have  demonstrated  the  basic  bistatic  feasibility  of  deteetjon  of 
the  low  Oyer.  Giving  a  “quiet"  fleet  unit  such  a  detection  capability  may  have  several  applications.  How¬ 
ever,  the  skywave  illuminator  should  also  be  used  as  a  monostatic  radar,  and  it  can  complement  the 
bistatic  system,  give  greater  range  detection  and  Fill  blind  azimuths.  In  some  cases  it  may  cm?  desirable  to 
have  the  fleet  unit  operate  ground-wave  monostatic  affer  the  first  missile  detections. 
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(U)  Fifui«  3.  BhUliic  P«rfornMnc«  Example 
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(Uy  Figures.  ESSA  Bislatic  1614Z.  4/9 '70  (U> 


NRLDATA  ANALYSIS  (U) 


J.  M.  Hudnall 

Naval  Research  Laboratory 
Washington,  D.  C. 


(ID  It  was  planned  that  NRL  I)  illuminate  for  part  of  the  Fleet  Air  Defense  (FAD)  tests.  2)  develop 
computer  programs  for  signal  analysis  using  I  and  Q  plus  monopulse  channels  including  methods  of  dis¬ 
play.  and  3)  after-the-fact  examine  and  analyze  the  data  using  both  the  MADRE  signal  pr  cessor  and  a 
computer  plus  the  developed  programs.  The  contribution  would  be  a  capability  for  fine-frequency  and 
long-storage-time  analysis  plus  a  variety  of  displays. 

(Li)  To  accomplish  task  (3)  NRL  required  that  the  data  be  recorded  on  7-track  tape  in  an  IBM- 
compatible  format.  Due  to  a  long  series  of  events,  not  one  reel  of  tape  meeting  the  requiicments  exists. 
Thus  only  Tasks  1  and  2  have  been  done  plus  considerable  unexpected  work  in  trying  to  achieve  Ta:k  3. 
Since  the  FAD  source  of  a  clutter  versus  frequency  description  was  to  be  NRL’s,  some  fragments  of  data 
will  be  shown  here  that  do  give  pertinent  examples. 

( U )  Figures  I  through  6  arc  the  examples.  In  general  the  signal  exhibited  two  or  three  a.nplitude 
peaks  as  a  function  of  frequency.  It  Is  hoped  that  weather  and  sea-state  conditions  can  be  compared  with 
the  energy  distribution. 

(U)  In  Figure  1.  doppicr  (Hz)  time  delay  (pseudo  range)  is  shown  at  i»);52:50Z,  un  10  February  1^70 
The  analysis  bandwidth  is  2/14  Hz. 

I  Si  in  Figure  2,  a  doppicr  time  history  is  given  for  an  0.25-ms  range  gate  starting  on  the  time  delay  of 
the  second  earliest  strobe  of  Figure  I .  A  short  aircraft  track  is  evident.  The  bandwidth  is  4/ 14  Hz. 

(U)  Figure  was  made  with  an  0..75-ms  rang**  gate  startng  -it  thi  c  ^rFest  sttobe  of  Figure  I .  Figure 
3B  was  started  on  the  second  strobe. 

( U I  Figure  4A  and  B  show  amplitude  versus  Doppicr  displays  made  for  the  last  two  strobes  of 
I  iguie  I.  The  resolution  bandwidth  Is  l/2Pth. 

I U I  Figure  5A  and  B  show  displays  similar  to  those  of  Figure  3.  but  made  for  operation  on  16. 16  MHz. 

(t)  Figure  6  shows  computer-generated  spectra  lor  27  February  I ‘>70. 
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FAD  EXPERIMENT  OF  FEBRUARY.  1970  (U) 

Thomas  D.  Scott 

ITT  Electro-Physics  Laboratories.  Inc. 

3355  52n<l  Avenue 
Hyattsville.  Maryland  20781 

I  INTRODUCTION  (Ut 

(S)  The  Fleet  Air  Defense  Experiment  which  was  conducted  in  January  and  February  of  1970  used 
a  sky  wave  HF  radar  signal  from  the  ARPA-ONR  CHAPEL  BELL  facility  at  WHITEHOUSE,  Virginia,  to 
illuminate  the  area  around  a  receiving  field  site  at  Cape  Kennedy.  Florida.  The  receiving  site  recorded 
both  the  incident  skywave  field  strength  from  WHITEHOUSE  and  bistatic  radar  reflections  from  a  Navy 
P3B  aircraft,  flying  on  prescribed  flight  paths  between  20  and  1 20  km  offshore  from  Cape  Kennedy.  A 
large  portion  of  these  paths  were  over  the  radar  horizon  from  the  receiving  site  because  the  airplane  was 
at  a  very  low  altitude. 


II  EQUIPMENT  (U> 

(St  The  skywave  illumination  was  provided  by  a  500  kW  (Pcakt  power  transmitter  with  an  antenna 
with  approximately  9  dB  gain  at  the  angles  and  frequencies  used.  The  bistatic  echoes  were  received  on  a 
17  dB  gain  antenna  at  Cape  Kennedy.  The  transmission  format  was  a  binary  phase  coded  1.55-ms  pulse 
which  was  compressed  to  a  length  of  50  ns.  Pulse  doppicr  and  monopulse  processing  at  the  receiving 
site  provided  range,  doppicr  frequency  (velocity),  and  azimuth  tracking  of  the  target.  Modulated 
antennas,  installed  on  two  buoys,  which  were  anchored  25  and  50  km  offshore  served  as  control  targets 
and  provided  frequency,  range,  and  azimuth  calibrations.  Communications  via  HF  radio  were  maintained 
at  all  times  between  the  transmitter,  receiver,  and  the  aircraft. 


Ill  RESULTS  tU) 

(S»  Successful  detection  of  the  target  aircraft  was  made  out  to  a  range  of  100  km  from  the  receiving 
site  even  with  the  non-optimued  system  used  for  thb  cx|veriment. 
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(S)  An  example  of  the  trucking  results  is  given  in  Figure  I  which  shows  a  typical  /ig-zag  flight  path 
in  the  upper  left  corner.  In  the  upper  right  corner  is  an  azimuth  versus  time  plot  calculated  or  the 
basis  of  LORAN  data  collected  on  board  the  aircraft  along  with  the  azimuth  versus  time  rcco.'d  made 
at  Cape  Kennedy.  This  record  illustrates  the  azimuthal  tracking  capability  of  the  e(|uipment.  The 
graph  and  data  on  the  bottom  of  Figure  I  show  the  computed  and  observed  doppler  frequency  history 
of  the  aircraft  echo  as  it  executes  its  zig-zag  path. 

(S)  In  addition  to  the  pragmatic  results  on  aircraft  detection  and  tracking,  data  were  gathered  to 
permit  the  determination  of  path  loss,  noise,  and  bistatic  target  cross  sections.  The  bistatic  cross  section 
of  the  P3B  aircraft  was  found  to  be  between  5  m^  and  100  m^  and  was  a  function  of  angle.  The  noise 
figures  for  a  20-kHz  system  were  generally  about  7  dB  larger  than  those  predicted  by  CCIR  for  a  narrow 
band  system  in  the  daytime  and  about  10  dB  larger  at  night.  The  path  losses  on  the  sky  wave  path 
agreed  quite  well  with  predictions. 


IV  CONCLUSIONS  (U| 

tS)  The  main  purpose  of  the  experiment  was  to  test  the  feasibility  of  a  hybrid,  (skywave-surface  wave) 
system  for  passive  detection  of  low  flying  aircraft  at  ranges  beyond  conventional  ship  radar  coverage 
limits.  The  experiment  proved  the  feasibility  of  this  fleet  air  defense  concept  and  provided  data  on  some 
of  the  problems  and  limitations  of  such  a  system. 


FAD  RADAR  SYSTEM  STUDY  <U) 


Wcalry  N.  Molbrd 

ITT  EIccIrv-Physics  Laboratorin.  Iik  . 

3355  S2nd  Avenue 
Hyattxville.  Maryland  207HI 

I  INTRODUCTION  (U) 

iS)  In  a  paper  titled  “FAD  Fxpehment  of  February.  1970  (U)“  presented  at  this  workshop. 

Thomas  1).  Scott  gave  some  results  of  the  Reet  Air  Defense  (FAD)  experiments  which  were  carried  out 
in  January  and  February  of  this  year.  Those  results  clearly  demonstrated  the  feasibility  of  the  hybrid 
skywase/surface  wave  radar  concept. 

(Si  Following  this  demonstration  of  feasibility.  ARPA  has  directed  this  contractor  to  undertake  a 
preliminary  system  study  directed  toward  a  potential  tactical  system  employing  such  a  hybrid-mode 
radar  for  fleet  air  defense.  It  was  clear  at  the  outset  that  such  a  radar  system  would  provide  the  fleet 
with  the  critical  function  of  maintaining  an  early  warning  surveillance  capability  while  'till  preserv  ing 
complete  electromagnetic-radiation  silence.  This  joint  capability  would  protect  the  fleet  against  a  sur¬ 
prise  attack,  and  at  the  same  time  deny  an  enemy  the  use  of  fleet-generated  radiation  for  the  pun>oses 
of  fleet  location  or  weapons  guidance. 

(Si  The  overall  objectives  of  this  study  are  to  investigate  tlie  application  of  the  hy brid-mi>de  radar 
to  the  problem  of  fleet  air  defense,  and  to  determine  the  future  .ictions  necesviry  to  permit  the 
development  of  an  operational  system,  flie  first  step  in  reaching  these  objcc.ives  is  to  inter  relate  tiu 
nature  ol  the  (Hitential  thre.its  with  the  characteristics  eif  the  defensive  systems  available  to  the  fleet  in 
order  to  asecrtain  the  performance  criteria  whkh  must  be  met  by  the  hybrid-mode  radcr.  From  these 
performance  criteria,  it  is  then  possible  to  generate  meaningful  engineering  specifleations  for  such  a 
radar.  I  he  above  analysts  will  then  help  to  identify  those  areas  which  still  ret  .  rese,'rch.  development, 
lest,  and  evaluation  ( KDTF)  efforts,  indicaiing  Ihe  areas  whK'h  consiiuiie  the  state-of-the-art.  those 
which  ret|utre  further  study,  and.  especully.  Ihe  principal  areas  of  risk. 

iSi  this  c'.irrcnl  study  draws  upon  past  study  efforts  to  the  greatest  extent  tvossibie  In  particular, 
vonsiderable  use  is  being  .nade  of  certain  of  the  results  from  a  previous  ITT-tPl.  study  of  a  tX>NUS  OHB 
lOver  fhe-Uori/on  Backscaltcr)  system  conducted  for  the  USAF.  The  (“ONUS  study  isespecidly  useful 


iiisolar  as  certain  tlircats  and  OHB  perturinance  criteria  are  concern'  d.  Alttiongli  the  present  study  and 
this  past  study  dilier  with  respect  to  the  inode  of  laiiar  operation  ai.d  the  overall  problem,  they  never¬ 
theless  have  important  areas  of  commonality,  such  as  frequency  regime,  range  of  doppler  frequency 
offsets,  target  types,  etc.  In  addition,  maximum  use  will  be  made  of  other  completed  studies  in 
particular  areas,  such  as  threat  models  and  defensive  systems.  By  drawing  on  this  extensive  background 
of  existing  information,  it  will  be  possible,  even  in  a  modest  study  effort,  to  ensure  coverage  of  the 
problem  to  a  depth  that  establishes  meaningful  bounds  on  the  important  parameters  entering  into  Iht 
problem. 

(Si  l  iguie  I  shows  a  general  outline  of  the  FAD  system  study  as  it  is  being  carried  out  by  ITT-EPL. 
The  tlow  chart  in  Figure  2  illustrates  more  clearly  the  inter-relationships  among  the  various  parts  of  the 
study  effort.  The  major  elements  making  up  the  flow  chart  are  summarized  in  the  following  paragraphs. 

II  KEYSTUDY  AREAS  (U) 

A.  Threat  Considerations  (U) 

(S)  The  various  threat  models  which  are  officially  postulated  to  be  in  enemy  inventories  in  iiic 
1970  -  1980  era  arc  being  investigated.  The  threat  models  include  both  specific  weapon  characteristics 
and  attack  scenarios.  The  individual  weapons  extend  from  aircraft  attacking  with  short-range  weapons, 
aircraft  employing  long-range,  air-to-surface  missiles,  and  surface-to-surface  missiles  launched  by  surface 
vessels  or  submarines.  The  variety  of  scenarios  will  extend  from  small-scale  sneak  attacks  through 
large-scale  engagements.  These  threat  models  are  being  integrated  to  establish  threat-model,  performance 
envelopes  which  define  such  parameters  as  altitude-versus-range,  range-versus-time-to-target.  density  of 
attackers,  etc. 

B.  Defensive  System  Considerations  (U) 

(S)  The  defensive  systems  available  for  fleet  use  in  the  1970  -  1980  era  include  sensors  and  active 
defense  weapons.  Among  the  sensors  are  shipboard  radars  for  acquisition,  tracking,  and  fire  control,  and 
airborne  radars  and  other  possible  sensors  (such  as  LWIR).  The  active  defensive  weapons  include 
air-to-air  missiles  carried  by  carrier-launched  aircraft,  surface-to-air  missiles,  and  anti-aircraft  artillery. 

The  various  capabilities  of  these  respective  elements  of  the  defensive  systems  are  being  organized  into 
performance  envelopes  which  indicate  the  accuracy  and  timeliness  required  from  an  early  warning 
system  so  that  effective  use  can  be  made  of  the  defensive  systems.  An  additional  aspect  of  the  consid¬ 
eration  of  the  defensive  systems  is  the  important  feature  of  the  “hand-off’  from  the  early  warning 
system  to  the  shipboard  terminal  defense  system.  This  and  other  specific  interaction  between  the  FAD 
system  and  the  other  fleet  defensive  systems  lead  to  a  set  of  “interface  requirements”  which  must  be 
met  to  ensure  effective  cooperation  among  the  various  defensive  systems. 
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(S»  Figure  1 .  Topical  Outline  of  FAD  Radar  System  Study  (U) 


THREAT  \  /  PERFORMANCE 


(S»  Figure  2.  FAD  Radar  System  Study  Flow  Chari  <Ul 
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KAl)  Radar  Perruritiani.'e  Criteria  (Ut 


(Si  1  lie  perlormaiKo  oiiveUipos  ot  the  threat  iiiodels  and  the  delensive  sv stems  and  the  mterl.K e 
leiiiiiremeiils  will  then  be  used  to  establish  definitive  perforinanee  enteria  lor  the  I  A!)  system  so  that 
It  ean  play  an  efieetive  role  in  lleet  defense. 

I).  Fleet  Mission  (Ut 

1  Si  l  learly .  the  use  of  a  naval  fleet  is  not  limited  to  a  single,  easily  ealegori/ed.  type  of  operation 
It  Is  therefore  neeessary  to  eonsider  a  variety  of  tleet  operational  eoneepts  m  order  to  detennine  the 
piissible  manners  in  which  the  !■  Al)  concept  can  be  applied  in  the  various  circumsIaiKes.  Among  the 
aspects  reipiiring  consideration  if  the  ipiestion  of  whether  the  I- AD  system  should  be  simply  added  to 
ships  regularly  in  serv  ice,  or  whether  it  should  be  deployed  on  special-purpose  dedicated  vessels,  or  some 
alternative  between  these  evtremes.  Another  important  consideration  is  the  extent  to  which  the  I  \l> 
system  might  be  employed  in  a  special-purpose  communication  system  simultaneously  with  its  radai  n  e 

E.  FAD  Radar  Function  (Ul 

tSl  The  nature  of  the  sky  wave  illumination  in  the  present  FAD  concept  is  such  that  it  is  clear  thai 

the  illuminator  can  also  act  as  a  monostatic  radar.  The  addition  of  this  function  could  provide 
early-warning  information  at  greater  ranges  than  could  be  hoped  for  in  the  bistatic  configuration, 
without,  hinvcver.  offering  the  self-contained  capabilities  provided  by  the  bistatic  radar  It  is  Imporlani 
in  the  study  to  define  the  optimum  roles  for  each  of  the  two  possible  modes  of  operation. 

F.  F.AD  Radar  Engineering  Parameter  Values  (U) 

tS)  The  net  output  of  the  FAD  performance  criteria  and  the  lleet  mission  requirements  will  then  he 
a  definitive  presentation  of  the  necessary  engineering  specifications  of  a  FAD  system  which  ean  provide 
effective  early  warning  to  the  lleet  in  event  of  attack  threats  originating  beyond  the  range  ot  other  slu; 
sensors,  a  range  which  may  be  set  physically  because  of  the  radar  liori/i>n.  or  operationally  by  eondiii.  ii 
of  electromagnetic  control. 

Ill  CONCLUSIONS  AND  RECOMMENDATIONS  (Ui 

(Si  The  output  of  the  study  will  be  a  report  in  which  the  FAD  engineering  specifications  are  delmed 
and  in  which  recommendations  are  made  for  action  in  areas  requiring  additional  RDTF 
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SHIP  DETECTIONS  (U) 
J.  L.  Ahearn 

Naval  Research  Laboratory 
Washington.  D.  C. 


(S)  The  first  positive  HF  radar  ship  detection  by  NRL  was  made  on  29  June  1968.  The  detection 
was  by  sky  wave  at  15.595  MH/.  22.5  prf,  072  T  ^7“  with  an  approximate  cos^  shaped  pulse  about 
700  ps  long.  Figure  I  is  a  set  of  pictures  illustrating  these  observations.  The  ship  can  be  seen  at  -  0.8  H/. 
It  was  later  identified  as  the  Grotedyk.  length  534  ft.  beam  67  ft  and  with  a  KKMMFM  superstructure. 
The  ship  was  observed  for  5  hours  from  10  AM  to  3  PM  local  time.  The  maximums  of  received  signal 
gave  a  radar  area  of  about  1 500  . 

(Si  A  second  example  of  ship  detection  is  given  in  Figure  2.  Operating  parameters  were  15.595  MHz. 
22.5  prf,  084  T  -  7“.  This  target  was  the  Forrestal.  length  1034  ft.  beam  250  ft.  Maximums  in  signal 
strength  yielded  a  radar  area  of  about  13.000  m^  .  The  target  is  at  - 1.5  Hz  and  the  clutter  amplitude 
(given  in  relative  dB)  versus  trequency  characteristic  is  an  example  of  how  well  behaved  it  can  be.  Note 
that  a  10;  I  reduction  in  pulse  width  would  make  the  ship  detectable  at  any  speed  except  that  of  the 
resonant  waves. 

( U )  Figure  3  is  a  ground-wave  amplitude  versus  frequency  plot  made  at  30-nmi  range,  and  this  is 
shown  to  exhibit  frequency  resolving  capability  without  ionospheric  effects.  In  this  example  a 
50'second  time  sample  was  used. 

( U 1  Another  example  of  doppler  resolving  capability  is  given  in  Figure  4.  This  gives  doppler  versus 
range  for  a  50-ms  pulse  length  and  only  10  seconds  dwell  time. 

(S)  It  is  felt  that  by  adapting  to  (or  taking  out)  undesired  ionospheric  effects  there  are  genuine 
possibilities  for  ship  traffic  plotting  by  HF  radar. 
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HIGH  RESOLUTION  SEA  BACKSCATTER  (U) 

J.  R.  Barnum 

Radioscience  Laboratory 
Stanford.  CaUfomia  9430S 

I  INTRODUCTION  (U) 

(S)  Stanford  Univcnity’s  part  in  Project  MAY  BELL  has  been  to  study  the  feasibility  of  detecting 
ships  OTH  by  means  of  sweep-frequency-O^'  I'adar  while  receiving  on  a  very  wide  aperture  antenna 
array.  It  has  become  necessary  to  know  the  HF  radar  cross-sect,  ns  of  typical  ships  at  sea.  and 
to  measure  the  properties  of  sea  clutter  using  sky-wave  propagation.  A  partially-controlled  experiment 
was  also  run.  in  which  the  detection  of  a  SOO-foot  cargo  ship  was  attempted.  The  purpose  here  is  to 
suminari/e  these  topics,  and  to  specify  what  further  work  is  necessary. 


II  SHIP  CROSS  SECTIONS  AT  HF  (S) 

iS)  Under  a  subcontract  from  Stanford.  Technology  for  Communications  International  (TC1>, 
measured  the  backscatter  from  ship  models  at  the  Naval  Electronics  Labs  (NED. 

(S)  A  total  of  99  radar  cross-section  ( <»)  patterns  for  a  DE-1030  destroyer  and  a  Forrestal  Carrier 
were  obtained  at  frequencies  between  3  and  22  MHz.  for  elevation  angles  between  3.5  and  20  degrees. 
Bistatic  and  surface  wave  measurements  were  also  performed  at  3  and  7  MHz.  The  data  were  obtained 
using  I /48-scale  models  at  48  times  the  HF  value.  The  correspondence  to  the  realistic  (full-size)  cases 
at  HF  should  be  close. 

tS)  For  vertical  polarization,  the  cross-sections  arc  10^  to  10^  m*  for  the  destroyer,  and  10*  to 
10^  m~  for  the  earner.  Horizontally-polarized  cross  sections  arc  down  3  to  19  dB  for  the  destroyer 
(depending  on  ship  orientation),  and  0  dB  for  the  carrier,  at  a  20-degree  elevation  angle.  The 
"surfeee  wave’*  cross-sections  are  of  the  same  magnitude  as  the  above,  and  when  the  radar  becomes 
bisiatic.  the  scatter  is  only  0  to  S  dB  lower  in  amplitude. 
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(IM  The  number  of  nulls  in  all  the  patterns  increase  with  frequency,  but  at  a  faster  rate  for  the 
ship.  Bistutic  patterns  contain  fewer  nulls. 

I'J)  I  he  accuracy  in  measurement  of  mail  «  is  usually  db  For  20  to  30  percent  of  the 
patterns,  a  sligiit  to  moderate  error  in  pattern  null  structure  occurs;  however,  enough  data  was  taken 
so  that  further  measurements  of  this  type  are  unnecessary. 

Ill  SKY -WAVE  PROPAGATED  SEA  CLUTTER  (U) 

(ID  The  radar  cross-section  of  a  sea  patch  was  measured  in  the  (iulf  of  Mexico  using  a  portable 
repeater  operated  on  board  a  cargo  ship.  Using  high  azimuthal  resolution  C/Vdegree  beamwidth)  and 
small  eiiuivalent  pulses  (4-10  k  s)  the  sea  crosvsection  was  reduced  to  10^  m“.  The  sea's  cross-section 
per  unit  area  was  then  calculated  to  lie  between  10'^  and  10'*. 

(ID  f  ixed  frequency  experiments  have  been  performed  to  ascertain  the  effect  of  controlled  trans¬ 
mitter  polarization  on  backscatter  amplitude  as  a  function  of  range  in  the  Pacific  Ocean.  The  results 
show  that  it  is  possible  to  reduce  the  clutter  by  about  at  least  10  dB  by  switching  the  transmitter 
between  vertically  and  horizontally  polarized  antennas,  while  receiving  on  the  2.S-km  Los  Banos 
array.  The  effect  is  not  observed  when  using  a  4-degree  beamwidth  antenna,  which  was  explained 
using  swept  azimuth  data  and  computer-raytracing  backscatter  synthesis  to  show  that  polarization 
rotation  is  very  sensitive  to  azimuth  changes. 

(Si  it  is  now  concluded  that  such  a  control  over  sea  clutter  magnitude  should  aid  in  ship  detection. 
The  sea  retlccts  the  characteristic  (ordinary  and  extraordiitary)  waves  to  the  receiver  such  that  time 
delay  of  all  received  modes  arc  constrained  to  be  equal.  By  contrast,  a  ship  represents  a  discrete  target 
and  rellects  these  modes  while  keeping  the  ground  range  constant.  Because  of  this  difference,  one 
could  simultaneously  null  out  the  sea  clutter  while  maximizing  the  ship’s  return.  It  is  therefore  clear 
that  some  control  over  the  radar’s  polarization  will  help  detect  ships  at  sea,  i.e.,  when  the  sounder’s 
antenna  is  large  enough,  and  when  the  ionosphere  permits  the  polarization  phenomena  to  occur. 


IV  OTH  SHIP  DETECTION  (S) 

iSi  On  the  basis  of  the  results  described  in  Parts  I  and  II  (abovel.  it  is  probable  that  a  ship  could 
be  detected  on  a  total  power  basis  using  the  ARPA-ONR  Wide-Aperture  Research  Facility  (W.ARF). 
This  follows  from  the  measurement  of  a  10’*  m*  total  sea  croas  section,  which  is  less  than  o  *s  for 
broadside  ships.  The  control  of  the  sounder’s  polarization  may  facilitate  this  detection. 


(Si  IVtoction-uncnted  cxpcnments  have  shown  that  oil  platforms  (or  groups  oi  them  I  were 
wen  in  the  (iulf  of  Mexico.  When  a  lo'  in*  -cross-section  repeater  was  operated  on  a  SOOfoot 
cargo  ship  between  New  Orleans  and  Houston,  the  repeater’s  echo  was  visible  90  percent  of  the 
tune,  hchoes  from  the  ship’s  position  (other  than  the  delayed  repealer  echo)  were  also  seen 
<Kcasionall> ,  but  these  may  have  been  from  platforms. 

(Si  The  experimental  results  demonstrate  that  V^to  Wdegree  arimiithal.  and  4-lo  10-  i^s  time 
delay  resolutions  are  obtainable  using  the  WARF  system,  as  predicted.  Targets  with  cross-section 
comparable  to  those  for  broadside  ships  have  been  detected  on  a  total  power  basis  using  the  system. 
It  has  no(  yet  been  proved,  however,  that  a  ship  was  detected. 


V  FUTURE  WORK  (U) 


(SI 


•  Measure  more  sea  clutter  magnitudes  and  polarization  dependence  at  HF 

•  Study  ways  to  use  polarization  control  in  OTH  ship  detection 

•  Run  several  well-controlled  ship  detection  experiments 

•  Investigate  use  of  repeaters  a;  permanently-stationed  reference  targets 
at  sea 

•  Develop  Doppler  Tiltering  for  sea  backscatter  data  processing  on  the 
SFCW  waveform 
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BTEW CONCEPTS  (U) 

Allen  M.  Peterson 

Stanford  Research  Institute 
Menlo  Park,  California 


(S)  Surface-wave  beyond-the-horizon  radar  dates  back  to  work  undertaken  before  1950  in  the 
United  Kingdom.*  Shortly  thereafter  a  program  was  started  by  Raytheon^  and  continued  by 
MIT  Lincoln^  Laboratory  until  1957.  The  final  repv/it  by  Lincoln  Laboratory  clearly  demonstrated  the 
feasibility  of  beyond-the-horizon  detection  even  in  the  1950-1960  time  frame. 

(S)  A  renewed  interest  in  Surface-wave  radars  was  initiated  in  the  1968  IDA  JASON  Summer  Study^ 
during  a  review  of  OHD  radar  techniques.  This  study  occurred  in  La  Jolla,  California  and  the  possibility 
of  using  anchored,  buoy-mounted  transmitters  of  relatively  low  power  levels  (  =:  100  watts)  arose  in 
discussions  with  personnel  from  Scripps  Institution  of  Oceanography.  Low  power  appeared  possible 
since  buoys  could  be  distributed  along  a  “fence-line”  or  in  an  array  so  that  the  distance  from  the  trans¬ 
mitter  to  the  target  (aircraft  or  missile)  could  be  kept  small  and  the  large  surface  wave  losses  could  be 
limited  to  the  path  from  target  to  a  land-based  receiving  installation. 

(S)  Following  the  1968  JASON  Study  ARPA  initiated  a  research  program  to  investigate  the 
possibilities  of  the  surface  wave  systems  including  the  buoy-based  transmitters.  A  number  of  “catamaran” 
huoys  were  procured  from  Scripps  and  instrumented  by  APL.  Detection  experiments  were  implemented 
by  Raytheon  for  the  BTEW  technique. 

(S)  In  addition,  surface  wave  propagation  measurements  were  implemented  to  study  the  relationship 
of  losses  to  “sea  state”  conditions.  This  appeared  essential  based  on  theoretical  studies  carried  out  by 
Barrick®  who  found  that,  under  rough  sea  conditions,  10  dB  or  more  signal  losses  would  occur  in  the 
desireable  frequency  range  near  10  MHz.  Losses  of  this  amount,  which  appear  to  have  been  confirmed, 
certainly  make  the  system  application  more  difficult. 

(S)  Sea  clutter  caused  by  resonant  or  “Bragg”  scattering  from  sea  waves  was  also  raised  as  a  source 
of  concern  in  system  applications.  Studies  now  appear  to  show  that  the  Bragg-scattered  signals  are 
sufficiently  confined  in  frequency  extent  that  they  will  not  seriously  limit  system  performance  for 
aircraft  or  missile  detection  because  of  the  larger  Doppler  shifts  associated  with  these  targets. 


(S)  One  potentially  desireabic  feature  of  surface  wave  techniques  is  their  immunity  to  nuclear 
propagation  blackout.  In  fact,  sufficiently  widespread  nuclear  blackout  could  cause  a  reduction  in  back¬ 
ground  noise  level  and  ionospherically  propagated  interference. 

(S)  It  appears  probable  that  enough  has  been  learned  during  the  BTEW  experimental  program  to 
permit  meaningful  system  studies  in  the  near  future.  Certainly  it  should  be  possible  to  define  required 
future  experiments  based  on  the  research  which  is  being  reviewed  today. 
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BTEW-1  FEASIBILITY  TESTS  (U) 


Bruce  B.  Whitehead 

Raytheon  Company 
Equipment  Division 

OHD  Advanced  Development  Department 
Spencer  Laboratory 
Burlington.  Massachusetts 

I  INTRODUCTION  (U) 

(S)  The  BTEW-1  Feasibility  tests  were  carried  out  during  the  period  January-March  1970  in  the 
vicinity  of  the  Raytheon  transmitter  site  on  Carter  Cay  in  the  Bahamas.  A  total  of  eight  flight  tests  were 
made;  one  was  chosen  for  detailed  analysis.  This  paper  describes  that  analysis  and  draws  conclusions  that 
may  be  used  in  a  system  design  using  the  BTEW-1  concept. 

II  NOMINAL  SYSTEM  AND  TEST  PARAMETERS  (U) 

(C)  For  the  selected  test  the  system  parameters  are  summarized  in  Figure  1.  The  aircraft  flight  plan  is 
shown  in  Figure  2.  The  aircraft  made  successive  passes  from  CC  to  G3  and  returned  at  altitudes  ranging 
from  250  feet  to  14,000  feet.  All  passes  were  made  at  speeds  of  approximatelv  2S0  knots. 

lU  OBSERVED  AND  PREDICTED  DOPPLER  (U) 

(S)  Figure  3  shows  the  observed  and  predicted  Doppler  for  the  CC-G3  flight  at  6000  feet.  This  and  all 
the  Doppler  predictions  were  based  on  the  measured  true  ground  speed  of  the  aircraft.  Ail  computed 
Dopplers  are  for  a  ground  wave  propagation  path  from  the  transmitter  to  the  target.  Two  possible 
propagation  paths  have  been  taken  into  account  tor  the  target  to  receiver  path.  These  two  return  paths 
result  in  two  predicted  dopplen.  In  Figure  3  on'.y  the  ground  wave  prediction  is  shown  and  it  can  be  seen 
that  the  observed  Doppler  clearly  corresponds  to  this  mode.  In  Figure  4,  a  composite  predicted  Doppler  is 
illustrated.  The  Doppler  track  with  the  largest  frequency  excunion  is  the  ground  wave  mode  whereas  the 


NOMINAL  SYSTEM  AND  TEST  PARAMETERS 


RECEIVER  SITE 
TRANSMITTER  SITE 
AIRCRAFT 
ANTENNAS 


ALTITUDES 

FREQUENCY 

TRANSMITTED  POWER  -  - 


CAPE  KENNEDY 
CARTER  CAY 

NAVY  P3V  (LOCKHEED  PROP-JET  ELECTRA) 

RX  ANT  16  ELEMENT  BSA 
TX  ANT  X/4  MONOPOLE 

Gp  Cj  =  16  db 

250’  -—14,000' 

LINE  OF  SIGHT  -  17,000' 

10.167  MHZ 

2.25  KW 


(S)  Figure  1.  Nominal  System  and  Test  Parametm  (U) 
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(S)  Figure  2.  Map  of  CC-G3  Flight  Path  (U) 


inner  Doppler  track  has  been  calculated  using  a  single  hop  F  layer  (300-km)  return  mode.  It  can  be  seen 
I  uit  the  largest  observed  Doppler  track  is  clearly  due  to  the  ground  wave  mode.  However,  a  small  track 
corresponding  exactly  to  the  sky  wave  return  is  also  clearly  visible. 

(S)  Figure  5  illustrates  the  simultaneous  detection  of  a  controlled  aircraft  on  10  MHz  and  1 5  MHz. 
riiis  detection  was  made  when  there  were  few  other  aircraft  in  the  area  and  hence  the  absence  of  other 
doppler  trucks.  With  the  addition  of  a  ranging  capability  similar  results  could  be  achieved  for  the  previous 
illustration. 

((')  Of  further  interest  is  the  presence  of  sky  wave  on  the  10  MHz  track  whereas  1 5  MHz  shows  no  sky 
wave  detection  ai  all. 

(S)  The  observed  presence  of  both  modes  reaffirms  the  fact  that  a  purely  ground  wave  mode  of 
detection  is  being  realized. 


IV  OBSERVED  AND  PREDICTED  TARGET  SCATTERED  RECEIVED  POWER  (U) 

(C)  Predicted  target  scattered  received  power  was  computed  using  the  following  parameters: 

a.  Path  loss  attenuation  as  given  by  Dr.  D.  Barrick  for  Sea  State  0. 

b.  System  parameters  as  shown  in  Figure  1 . 

c.  A  reference  target  cross-section  of  200  square  meters. 

(S)  Figure  6  shows  the  predicted  and  observed  received  power  for  the  pass  from  CC-G3  at  6000  feet 
(the  scale  on  the  left  has  been  referenced  to  the  input  of  a  calibrated  receiver  and  hence  does  not  reflect 
the  actual  received  power  at  the  antenna).  It  can  be  observed  that  there  is  an  approximate  10  dB  dis¬ 
crepancy  between  the  predicted  received  power  for  a  200-m^  target  and  the  observed  signal  power  for  the 
P3V  aircraft. 

(U)  Since  it  is  expected  that  the  cross-section  of  an  aircraft  changes  with  its  aspect,  it  is  instructive  to 
eliminate  this  variable  by  plotting  it  against  the  observed  difference  in  received  power  from  a  prediction 
using  a  constant  cross-section  (c.g.  200-m^). 

(LI)  This  has  been  done  in  Figures  7  and  8.  The  abscissa  shows  the  difference  in  the  observed  received 
power  below  that  which  would  be  predicted  for  a  200-m^  target.  Tire  ordinate  is  the  angle  of  illumination 
in  degrees  below  an  azimuthal  plane  parallel  to  the  surface  of  the  earth. 
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Observed  Facsimile  Target  Signal  Path  (i3-CC .  Altitude  250  Ft  ( I  ) 
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(S)  Figure  6.  Target  Received  Power  Predicted  vs  Observed  (U) 


(S)  Tlitrse  plots  i-an  be  looked  at  as  correlograms.  Assuming  all  other  parameters  to  be  constant,  ail 
observed  points  at  a  ^:iven  angle  should  yield  the  same  received  pover.  As  can  be  clearly  teen,  a  least 
siiuares  fit  of  all  observed  tH>ints  would  yield  a  line  about  which  the  deviation  would  be  only  about 
1-2  dB.  This  is  well  within  experimental  error. 

|S)  Figure  shows  the  least  square  plot  for  each  of  Figures  7  and  K.  The  abscissa  has  been  changed  to 
reflect  observed  cross-section  in  square  meters.  Two  additional  points  have  been  shown  on  this  graph. 
They  are  monostatic  cross^ctions  obtained  from  a  laboratory  model  study  by  I'fT-bPL.  They  are  shown 
here  to  illustrate  the  compatibility  of  the  two  independent  observations, 

V  CONCLUSIONS  |U) 

(S»  It  h.'s  been  shown  the  the  BTKW-i  concept  is  phenomenologically  feasible.  The  results  of  the 
night  tests  .ndicate  a  strong  correlation  between  observed  and  predicted  values  of  received  power  and 
Doppler  excursion.  This  implies  then  that  a  system  design  using  the  above  techniques  should  yield 
results  commensurate  with  predictions. 


(S)  Figure  9.  Smoothed  Target  Cross  Section  vs  Angle  of  llluminatioR  ( C ) 
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(S)  In  addition  to  the  detection  of  aircraft,  as  discussed  in  other  MAY  BELL  workshop  papers,  the 
BTEW  system  can  be  used  for  the  detection  of  submarine>launched  ballistic  and  cruise  missiles 
(SLBM.  SLCM).  During  the  data  take  in  Florida,  the  opportunity  to  collect  data  during  one  SLBM  launch 
occured.  This  event,  ETR  Test  2989,  was  a  Poseidon  missile.  It  was  launched  from  the  USS  Observation 
Island  on  24  March  1970  at  a  range  of  SS  km  from  the  receiver  site.  During  this  launch,  two  CW 
frequencies  were  being  transmitted  (5.152,  10.167  MHz)  from  Carter  Cay.  BWI.  The  frequencies  were 
monitored  at  the  Cape  Kennedy  receiving  site  using  the  vertically  polarized  quater-wave-length  monopole 
antennas. 

(S)  The  facsimile  display  of  the  spectral  content  of  the  5. 152  MHz  signal  is 
shown  in  Figure  1.  There  are  three  distinct  portions  of  the  missile-induced 
signature.  These  are  the  hard  echo  (T't-40  to  TT-lOO  sec),  wide-band  noise -like 
burst  (110-170  sec)  and  an  ionospheric  echo  effect  (180-480  sec).  The  hard  echo 
is  the  skin  track  of  the  missile;  the  wide-band  noise-like  burst  is  a  staging  echo; 
and  the  ionospheric  perturbation  is  standard. 

(S)  The  -  1 5  Hz  sidebands  observed  in  the  data  were  present  during  many  days  of  the  data 
recording.  They  occured  on  each  frequency  being  observed  and  at  fust  were  thought  to  be  associated 
with  the  ITT  passive  modulator  buoys.  ITT  personnd  indicated,  however,  that  their  equipment  was  not 
producing  the  side-bands  at  these  frequencies.  A  complete  test  was  made  on  the  Raytheon  equipment 
and  the  results  indicated  the  sidebands  were  not  produced  in  the  receiving  equipment.  Therefore,  the 
source  of  these  sidebands  remains  an  unknown. 

(S)  A  predicted  Doppler  frequency  shift  for  this  test  was  obtained  using  the  missile  post  flight  data. 

As  can  be  seen  in  Figure  2.  the  observed  skin  track  did  agree  closely  with  these  predictions. 

(S)  Figure  3  shows  that  the  same  type  of  data  wa.s  observed  on  the  10. 167  MHz  frequency.  Again 
three  portions  of  the  signature  are  present,  with  a  mare  pronounced  hard  echo.  The  predicted  doppler 
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(S)  Figure  1 .  SjHX'tral  l)n;a  Obsorvoil  on  5. 1  5 11  MH/  (U) 
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(S) 

shift  again  shows  good  correlation  with  the  received  hard  echo.  Figure  4.  Notice  that  the  received 
carrier  masks  the  initial  40  seconds  of  the  predicted  signature. 

(S)  The  geometry  associated  with  the  event  is  shown  in  Figure  5.  The  tick  marks  on  the  trajectory 
show  the  altitude  of  the  veiiicle  and  the  time  of  flight.  Note  the  region  40  to  100  seconds  where  the 
hard  echo  was  observable.  At  the  signature  onset  (T  *  40  seconds)  the  missile  had  travelled  a  horizontal 
distance  of  only  S.S  km.  By  the  time  of  signature  drop-out  at  100  seconds,  a  total  range  of  87  km  had 
been  traversed. 

(S)  The  altitude  and  velocity  plots  versus  time  for  the  vehicle  are  shown  in  Figure  6.  Tick  marks 
on  these  curves  indicate  the  onset  and  the  portion  of  the  hard  echo  seen  in  the  data. 

(S)  The  lower  plot  of  Figure  7  shows  the  comparison  of  a  computed  and  the  observed  signature 
received  power  on  the  two  frequencies.  The  computed  received  power  is  based  on  a  I  m^  target 
cross-section  and  was  normalized  to  the  existing  system  parameters.  The  S  MHz  computed  and  the  actual 
power  received  curves  agree  closely.  This  indicates  that  the  observed  cross-section  on  the  S-MHz  fre¬ 
quency  was  on  the  order  of  1  m^ .  The  upper  plot  of  Figure  7  shows  the  measured  cross  section  on  the 
10-MHz  frequency  venus  time.  At  signature  onset,  the  cross-section  was  S7m^  and  as  the  missile’s 
altitude  increased  the  cross-section  decreased.  It  is  assumed  that  this  decrease  in  cross-section  is  due  to 
the  mismatch  between  the  polarization  of  the  vertical  transmitting  and  receiving  antennas  and  the 
missile  orientation  which  becomes  more  horizontal  as  the  vehicle  moves  downrange.  This  polarization 
mismatch  was  also  observed  by  SRI  and  has  been  reported.* 

CONCLUSIONS  (U) 

(S)  A  BTEW  system  is  capable  of  detecting  SLBM  missiles  at  a  very  low  altitude. 

(S)  Because  the  carrier  masks  the  very  low  doppler  frequencies,  the  altitude  of  earliest  detection  is 

dependent  on  the  geometry  invdved.  A  means  of  reducing  the  carrier  spread  without  a  loss  of  system 
sensitivity  or  a  means  of  cancelling  the  carrier  would  allow  a  Doppler  signature  of  less  than  2  Hz  to 
be  observed  and  permit  the  missile  to  be  detected  at  a  lower  altitude. 

(S)  The  three  observable  portions  of  the  missile  related  signature  are  created  by  independent  effects: 
therefore,  the  probability  of  at  least  one  of  the  three  portions  of  the  signature  being  detected  is  very 
high  and  if  more  than  one  portion  of  the  signature  is  observed  a  missile  launch  warning  can  be  issued 
with  a  very  high  confidence. 
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(S)  With  a  deployed  ir.iltMtation  BTEW  system  where  the  hard  echo  is  observed  on  three  or  more 
independent  paths,  missile  tnuectory  information  can  be  derived  in  real-time  from  analysis  of  the 
Doppler  records  for  the  observing  paths. 
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(S)  Figure  3.  Spectral  Data  Observed  at  10.167  MHi  (U) 


4.  Spectral  Data  Predicted  on  10.167  MHi  (U) 


VELOCITY  (FT/SEC) 
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PROJECT  AQUARIUS  (BTEVV.2)  (U) 


K..  D.  Snow 

Sylvania  Electronic  Systems  -  West 
Mountain  View,  California  94040 


1  INTRODUCTION  |U) 

(S)  Project  Aqua.  .•  s  a  part  of  the  ARPA-sponsored  ocean  surveillance  program  under  Project 
MAY  BELL.  The  primary  goals  of  the  project  as  shown  in  Figure  1  are  to  experimentally  demonstrate 
the  feasibility  of  detecting  submarine  launched  ballistic  missiles  and  low  flying  aircraft,  and  to  compare 
the  experimentally  observed  detection  ranges.  The  results  of  the  experimental  work  completed  to  date 
indicate  that  target  aircraft  can  be  detected  at  the  theoretically  predicted  range  and  that  the  concept 
is  feasible  providing  there  is  sufficient  radiated  power  from  the  transmitter. 


II  EXPERIMENTAL  NETWORK  (U) 

(S)  The  experimental  setup  consists  of  using  a  bistatic  HF  continuous  wave  radar  consisting  of  a 
low  power  ocean-based  bouy  transmitter  and  high  sensitivity  receivers  located  on  the  coast.  A  detection 
is  made  b'-  jserving  the  doppler-shifted  signal  that  is  scattered  from  a  moving  target  such  as  an  airplane 
or  an  SLBM.  The  target  is  illuminated  by  line-of-sight  or  groundwave  energy  from  a  transmitter.  The 
scattered  doppler-shifted  return  is  received  by  ionospheric  skywave  as  illustratec  in  Figure  2. 

(S)  The  experimental  system  geometry  is  shown  in  Figure  3  with  the  bouy  transmitter  .ocated 
approximately  1 20  kilometers  off  the  Cape  Kennedy  coast.  A  high  power  set  of  transmitters  is  located 
at  Carter  Cay  in  the  Bahaman  Islands  and  the  high  sensitivity  receiving  system  at  Vint  Hill  Farms  Station 
in  Virginia. 


PROJECT  AQUARIUS 
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(C)  Figure  1.  Project  Aquarius  Goals  and  Results  (U) 
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(S)  Figure  2.  Project  Aquarius,  Basic  System  Concept  (U) 


(this  page  uiielassineil) 


(U)  Figure  3.  Network  Geometry  (U) 


Ill  RECEIVING  SITE  (II) 


(U)  The  block  diagrams  of  the  two  receiving  systems  are  shown  in  Figures  4  and  5.  Figure  5  shows 
a  1 2-channel  receiving  system,  including  a  DF  set  connected  to  an  LDAA  steerable  antenna.  The  twelve 
analog  receiving  channels  use  R-.)90A  receivers  and  drive  a  real-time  analog  spectral  display  and  a 
twelve-channel  analog  tape  recorder.  The  other  receiving  system  is  a  van-mounted  high  dynamic  range 
digital  processing  system  containing  synthesizer  controlled  receivers,  digital  spectrum  analysis  and  both 
an  analog  and  digital  K'M  recording  capability. 


IV  AIRCRAFT  TESTS  (U) 

(S)  Figure  6  lists  the  operations  of  aircraft  (lights  and  hearability  tests  through  10  February  1970. 
On  27  January  during  the  controlled  tests,  the  P3B  controlled  aircraft  was  detected  at  two  different 
times  on  two  different  frequencies.  The  flight  path  and  the  detection  regions  for  this  27  January  flight 
are  shown  in  Figure  7.  The  data  collected  in  real-time  is  shown  in  Figure  8.  The  data  at  the  top  of  the 
figure  shows  the  detected  doppler  signature  lasting  for  a  period  of  approximately  30  seconds  for  the 
10.167  MHz  frequency.  The  detection  is  at  a  range  of  approximately  9  kilometers  from  Carter  Cay 
and  exists  during  tlie  time  when  the  plane  banks  following  a  turn  over  checkpoint  C5.  The  lower  half 
of  the  figure  shows  the  second  detection  on  the  15.595  MHz  frequency,  again  lasting  for  approximately 
16  kilometers  from  Carter  Cay.  The  same  characteristic  signature  exists  and  is  also  present  at  the  time 
when  the  plane  is  banking  during  a  turn  over  checkpoint  D4.  Both  of  these  signatures  seem  to  be  at 
times  when  there  is  specular  reflection  from  the  transmitter  at  Carter  Cay  to  the  receiver  at  Vint  Hill 
Farms  Station.  Figure  9  is  an  expanded  view  of  the  flight  path  and  includes  the  detection  regions  for 
these  two  detections.  By  assuming  turns  are  completed  by  first  flying  over  the  checkpoint  and  then 
making  a  maximum  turn  rate  for  the  next  checkpoint,  the  doppler  shifts  predicted  from  this  type  of 
flight  plan  match  very  closely  to  the  actual  observed  data  as  shown  in  Figure  8. 


V  SUMMARY  (U) 

(S)  To  summarize,  the  goals  of  the  project  have  essentially  been  met;  that  of  demonstrating  the 
feasibility  of  the  bouy  tactical  early  warning  system.  Howevv.  .•  to  make  this  system  useful  for  detections 
at  any  range  beyond  a  few  kilometers,  the  effective  radiated  •  '^wer  from  the  transmitter  will  have  to 
exceed  the  2000  watts  used  for  the  Carter  Cay  detections  of  the  controlled  aircraft  flights. 
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(U)  Figures.  System  Block  Diagram  (U) 
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(U)  Figure  6.  Summary  of  Operations  (U) 


Controlled  Aircraft  Flight.  27  January  1970(1!) 


oc 


—  >-  N  1  ™ 

rv  <  5 
_o  I  • 


I  cc  ^ 
ui  \0 

^55 

—  o  — 


3  > 

^  • 

^  5  * 

•  £  « 

cs  H  Vft 

SS  ^ 

—  o 


5  5  *  - 


I  1 1 

M  «0^ 


I  I  I 

r<4  eo  ^ 


<  £ 

55; 

o 

iiifs 

<  4A  u. 


g£S 

i-> 

<  «A  u. 


(S)  Figures.  Aircraf I  Detections  (Ui 


(S)  Figtuv9.  Prcdkied  and  Observed  Deiei'lton  Regiom  (S) 
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BUOY  CONSIDERATIONS  (U) 

Daniel  M.  Brown 

Scripps  Institution  of  Oceanography 
La  Jolla.  California 

I  INTRODUCTION  (U) 

(U)  The  buoy  must  be  designed  as  part  of  a  system.  Considerations  of  this  system  arc  - 

How  much  antenna  motion  can  be  tolerated? 

How  much  power  will  be  needed  to  run  it? 

Wliat  is  the  expected  service  life? 

What  security  problems  must  be  considered? 

What  provisions  should  be  provided  for  servicing  at  sea? 

What  unusual  sea  conditions  exist  that  might  dictate  a  buoy  different  from  a 
“standard"  buoy?  -  And  with  what  impact  on  cost? 

II  MOTION  (U) 

(U)  Antenna  people  must  consider  the  real  needs  for  antenna  motion,  as  this  has  the  greatest  affect 
on  choice  of  buoy  concepts.  Small  surface-following  floats,  such  as  the  Bumblebee,  can  respond  to  as 
little  as  a  2-sccond  period  roll.  The  mast  and  buoy  can  overcome  this  period  by  its  mass  so  that  hulls 
will  not  respond  to  higli  frequency  waves.  When  waves  are  taller,  the  hull  merely  follows  the  sea  surf,  e 
slope  at  whatever  natural  frequencies  exist.  Larger  surface-following  lloats  have  greater  payload  and  can 
overcome  most  choppy  sea-state  conditions. 

(U)  Non-surface-following  floats  such  as  a  spar  buoy  will  hold  most  motion  to  a  minimum  up  to  the 
point  of  resonance  where  it  begins  to  oscillate  up  and  down. 

{ U>  A  spar  buoy  must  be  quite  large  (80  feet  or  more)  to  keep  the  mast  out  of  the  water  in  most  sea 
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(U) 

states.  Size  is  not  bad  if  it  is  consistent  with  all  other  requirements. 


in  POWER  (U) 

(U)  Motion  gcneraton  develop  power  in  proportion  to  their  size,  but  the  motion  may  not  always  be 
available,  or  an  unusual  lack  of  motion  (wind  or  wave)  may  exceed  exf^ectations  and  exhaust  the  battery 
reserve.  Stored  energy  has  weight  and  dictates  a  buoy  displacement  proportional  to  the  service  life. 
Diesel  or  propane  4-cycle  generators  radiate  considerable  noise  through  the  water  which  can  be  used  to 
Ux;ate  the  buoy.  Nuclear  power  presents  a  poli-ical  problem  if  a  buoy  breaks  loose  and  comes  ashore. 

If  they  are  itot  too  far  offshore  shore-based  power  could  be  nzn  out  to  a  line  of  buoys  through  undersea 
cables,  and  up  to  the  buoy. 


IV  SERVICE  UFE  (U) 

( U)  The  buoy  should  be  designed  for  servicing  on-station  at  sea,  or  for  replacement  in  the  event  of 
failure  of  some  sort,  or  for  routine  maintainance.  In  addition  to  servicing,  buoy  design  neetis  to  rellewt 
shipboard  handling  and  deployment  considerations. 

(U)  Any  of  the  proven  materials  used  for  a  ship  or  boat  can  also  be  used  for  a  buoy  to  compliment 
the  antenna  needs,  e.g.,  steel,  plyw'ood,  fiberglass,  ferrocement. 

(U)  Mooring  lines  of  nylon  rope,  jacketed  with  polyethylene  in  areas  of  fishbite  or  wear,  can  be  used 
for  long  periods  of  time  -  1 8  months  to  2  years, 

V  SECURITY  (U) 

(U)  People  will  visit  a  buoy  if  they  find  it.  Should  it  have  an  “open  hatch  alarm"  that  radios  to  a 
shore  base?  Should  it  be  seif  scuttling  in  event  of  theft,  or  breaking  loose,  or  by  radio  command?  If 
it  does  not  have  all  the  navigational  lights,  horns,  bells  etc.,  what  about  maritime  liability  in  the  event 
of  a  collision?  Should  the  buoy  be  designed  for  no  service  access  after  a  hatch  is  welded  shut?  Also,  it 
must  have  a  “silent”  power  source  so  that  it  can’t  be  located  by  hydrophoncs. 


VI  SERVICE  AT  SEA  <Ut 

( U)  Consideration  of  method  of  service  is  vital  in  design.  If  it  is  to  be  boarded  at  sea  it  must  be 
provided  with  the  necessary  hatches  and  handrails  to  board  in  moderate  sea.  If  it  is  designed  for 
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replacement,  then  quick-disconnect  systems  or  exchangeable  mooring  attachments  must  be  provided  as 
well  as  shipboard  lifting  or  retrieval  gear. 


VII  IMPACT  OF  UNUSUAL  SEA  CONDITIONS  ON  COST  ( U ) 

( U)  A  “standard”  design  can  be  used  in  most  ocean  areas,  but  in  some  areas  such  as  the  Gulf  Stream, 
or  areas  of  excessive  icing,  special  designs  may  be  necessary  to  survive  these  conoitions,  which  would 
increase  costs  to  more  than  that  of  a  “standard”  buoy. 
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MAY  BELL  PLATFORM  PROBLEMS  (U) 

Dr.  Frank  Bader 

The  Johns  Hopkins  University 
Applied  Physics  Laboratory 
8621  G^gia  Avenue 
Silver  Spring,  Maryland  20910 

1  SUMMARY  iU) 

(S)  SCRIPPS  Oceanographic  Institution  “Bumblebee”  ty^'C  oceanographic  buoys  were  used  as  ocean 
platforms  for  radio  transmitters  during  BTEW  studies.  Although  used  for  a  purpose  and  at  locations  other 
than  those  for  which  designed,  the  buoys  functioned  in  a  satisfactory  though  perhaps  non*optimum 
manner.  This  discussion  presents  our  interpretation  of  the  BTEW  buoy  requirements  together  with  a 
discussion  of  problems  encountered  in  use  of  buoy-mounted  radio  equipment. 

II  REQUIREMENTS  (U) 

( U)  In  summary  the  buoy  requirements  arc  ruggedness  to  withstand  storms,  stability  as  an  antenna 
platform  and  load  carrying  capability  to  accoinmodatc  the  radio  transmitters,  power  supplies  and  other 
payload.  Cost  should  be  moderate  with  a  relatively  long  life  (years)  in  use.  The  buoy  should  provide 
suitably  protected  spaces  for  electronics  and  a  mounting  base  for  a  monop«>le  antenna  of  20  to  .tU  feet 
in  height.  The  “payload”  includes  14  lead-acid  storage  batteries  weighing  about  1000  pounds  and  about 
50  pounds  each  of  electronics  and  telemetering  sensors,  with  a  large  part  of  the  latter  weights  being 
related  to  watertight  containers. 


Ill  OPERATIONS  (U) 

(U)  Of  the  four  SCRIPPS  “Bumblebee”  buoys  furnished  to  the  Applied  Physics  Laboratory  by  ,\R1'.\, 
three  of  these  were  equipped  with  transmitters  and  the  fourth  was  turned  over  to  ITT-Electro  Physicv 
Laboratory  fur  emplacement  of  a  broadband  antenna  and  passive  modulator.  Two  buoys,  one  equipped 
by  API.  and  the  other  equipped  by  ITT,  were  emplaced  first  on  the  Chesapeake  Bay  and  subsequently 
off  Cape  Kennedy.  Florida  for  over-the-hon/on  tests. 
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( U )  I  iu'  C'hcsap«ake  Bay  tests  were  a  “shakedowri”  of  electronic  equipment  and  not  a  test  of  buoy 
seaworthiness.  The  Cape  Kennedy  mooring.s  are  shown  in  Figure  1  with  the  API.  buoy  at  a  I  jO  kilomeloi 
(b5  mile)  range  within  the  outer  fringe  of  the  (lulf  Stream  and  the  ITT-equipped  unit  at  50  kilometers 
( 27  4  nmi)  in  the  inner  margin  of  the  Gulf  Stream.  Water  depths  were  around  2400  feet  and  250  feet 
respectively.  The  Gulf  Stream  speed  was  around  2  knots  at  these  location*  imposing  100  to  200  pounds 
drag  on  the  moorings.  The  mooring  problems  are  very  similar  to  Naval  paravane  towline  problems  which 
have  been  studied  extensively  by  the  Naval  Ship  Systems  Command,  David  Taylor  Model  Basin  and. 
for  example,  discussed  in  their  report  number  5.^3  of  October  1944  by  Messrs.  L.  landweber  and 
M.  II.  Prolter.  In  summary,  the  horizontal  stream  forces  upon  the  buoys  due  to  currents  and  wind  drag 
may  produce  horizontal  pulls  upon  the  mooring  of  100  to  200  pounds,  these  coupled  with  stream  forces 
on  mooring  lines  produce  mooring  line  tensions  of  between  700  and  2000  pounds  force  depending  on 
moonng  line  length  (often  called  scope);  with  lesser  values  of  line  tension  occunir-j  for  longer  lengths 
of  mooring  line.  At  the  bottom  of  the  mooring  line,  one  must  provide  a  sufficient  “dead  weight"  to 
overcome  the  vertical  component  of  the  mooring  line  tension  plus  a  suitable  anchor  to  imbeu  into  the 
ocean  bottom  to  resist  horizontal  stream  forces  upon  the  buoy. 

(U)  Figure  2  shows  the  arrangement  used  -o  moor  the  APL  equipped  Bumblebee  buoy.  This  was  used 
satisfactorily  three  times.  The  first  mooring  was  for  on*y  a  week  in  December  I  %9  with  the  buoy  being 
taken  up  intentionilly  because  tests  were  to  be  recessed  for  Christmas.  The  succeeding  mooring  made  on 
January  20,  1970  held  for  a  month  until  the  buoy  had  to  be  taken  up  for  repairs  to  the  antenna  and 
electronics.  A  swedged  cable  joint,  shown  in  Figure  3.  was  found  to  be  on  the  verge  of  failure  due  to  the 
use  of  an  aluminum-magnesium  sleeve  used  through  error  in  place  of  Nicccprcss  sleeves  recommended 
by  SCRIPPS  (and  used  on  every  other  joint).  The  buoy  was  refitted  and  remoored  17  March  and  held 
its  moorings  through  mid  April  without  failure  until  test  termination.  Mooring  components  were  re¬ 
covered  and  found  to  be  intact  and  undamaged  except  for  the  scraping  dunng  take-up. 

(U)  During  emplacements,  several  storms  were  observed  at  Cape  Kennedy  with  waves  up  to  1 2  feet 
high,  the  buoys  survived  although  the  antenna  upon  the  APL-equipped  buoy  was  damaged,  apparently 
through  excessive  roll  which  caused  the  tips  of  the  antenna  “top  hat”  to  roll  into  the  water  and  be 
broken  off  by  wave  force.  Buoy  environmental  data  telemetry  indicated  that  even  for  relatively  calm 
seas  the  buoy  would  generally  be  rolling  plus  or  minus  10  degrees.  The  buoy  arrangement  is  shown  in 
Figure  4. 


IV  CONCLUSION  (U) 

1 S)  The  Bumblebee  buoys  were  satisfactory  for  the  purposes  of  the  BTl-W  surface  wave  radio  propa¬ 
gation  measurements.  More  stable  platforms  would  be  desirable  for  a  tactical  buoy-mounted  over-the- 
horizon  radar  transmitter.  Ideally,  the  buoy  hull  should  maintain  an  attitude  tangent  to  the  Uval  water 
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(U)  Figure  1.  MAY  BELL  Buoy  Locations.  Revised  1  December  1969  (Ui 


(U)  Figure  2.  Ancboriag  System  for  MAY  BELL  Buoy  Locattd 

70”  J9'  West  by  20”  12*  North  at  a  Depth  of  ^  2400  ft  (Ut 
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suffice  at  a  constant  hei|ht  so  that  the  transmitter  anteniut  properties  were  not  altered  through  change 
in  elevation  or  tilt  with  respect  to  the  local  water  surface.  The  ONR-Convair  "Monster”  buoy  is 
apparently  of  this  configuration  but  buoy  cost  and  size  are  several  orden  of  magnitude  larger  than  that 
for  the  Bumblebee  buoys.  If  large  ( 1  kW  or  larger)  transmitters  are  to  be  employed,  such  large  buoys 
may  be  needed  to  carry  electrical  power  supplies  and  fuel  for  continuous  operation  over  a  period  of 
months. 
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BTEW  SYSTEMS  ANALYSIS:  CLUTTER  (U) 

Donald  E.  Barrick 

Battelle  Memorial  Institute 
SOS  King  Avenue 
Columbus,  Ohio  43201 

I  INTRODUCTION  (U) 

(S)  Last  spring  a  brief  study  was  undertaken  to  calculate  expected  target-to-clutter  ratios  for  a  CW 
BTEW  configuration.  An  aircraft  was  selected  to  fly  near  the  deck  on  an  approaching  course.  The  object 
was  to  find  how  much  lower  the  total  received  target  signal  would  be  from  the  total  received  clutter  signal, 
and  also  from  the  direct  signal  transmitted  by  the  buoy.  While  spectral  processing  can  certainly  be  used, 
to  detect  target  signals  40-50  dB  below  the  clutter  and  carrier  due  to  the  different  dopplers  involved, 
ultimate  limits  on  such  clutter  suppression  technique  are  set  by  the  dynamic  range  of  the  system.  Thus 
the  purpose  of  the  present  study  is  to  indicate  the  required  dynamic  range;  as  well  as  the  clutter  improve- 
rnent  ratio  needed  for  CW  detection  and  tracking  of  aircraft  targets  in  a  high-clutter  environment. 

II  APPROACH  (U) 

(U)  The  example  to  be  considered  is  not  meant  to  prove  a  point;  it  may  not  even  be  representative  of 
the  final  geometry  selected  for  a  BTEW  system.  It  is  merely  chosen  to  obtain  a  feel  for  the  order  of 
magnitude  and  dependence  of  the  target-to-clutter  and  target-to-direct  signal  ratios  on  the  range  and  path. 

(S)  For  the  hypothetical  system  examined,  an  omnidirectional  buoy  transmitter  is  located  300  km 
from  the  shore-based  receiving  antenna.  The  latter  is  assumed  to  be  a  steerable  array  of  half-wave  dipoles 
750  feet  long  with  a  beamwidth  of  about  10°.  A  gaussian  pattern  is  employed  for  convenience.  The 
frequency  assumed  for  the  example  is  7MHz.  The  gain  of  the  transmitting  antenna  is  1 .64;  the  gain  of  the 
receiving  antenna  is  36  exp  {-.693  [  (0  -  0„)/5°  1 1  .  0^^  is  the  direction  in  which  the  receiver  beam  is 
pointing  with  respect  to  the  transmitter-receiver  baseline.  A  simple  CW  signal  is  employed  so  that  no 
direct  range  resolution  is  possible. 
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(U)  In  calculating  the  received  signals,  the  basic  transmission  loss  is  used  to  describe  propagation. 

This  quantity  was  discussed  in  a  paper  titled  “Theory  of  Attenuation  and  Clutter  (U)”  presented  by  this 
author  at  another  session  of  this  workshop.  Curves  of  loss  across  the  sea  were  presented  in  that  report. 

For  this  problem,  Sea  State  2  is  assumed  in  entering  the  loss  curves. 

(S)  As  applied  to  the  aircraft,  the  radar  range  equation  can  be  rewritten  in  terms  of  Lj,  and  ,  the 
basic  transmission  losses  from  transmitter-to-target  and  target-to-receiver,  as  follows; 

=  -  10  Log,o  ^  ^  -  G.,,  -  G^  -  10  Log,  „  ( yr ) 

where 

P,^  =  Received  power 

P^.  =  Transmitted  power 

=  Overall  transmission  loss 
G.,.  and  =The  free-space  antenna  gains 

a  =  The  radar  cross  section  of  the  aircraft.  The  latter  is  taken  to  be  40  m^  throughout 
the  problem. 

(S)  The  above  equation  is  expressed  in  decibels.  Figure  1  shows  a  possible  radar-target  geometry  in 
which  the  aircraft  is  approaching  on  a  course  20  ®  from  the  baseline.  Its  range  from  the  receiver  is  370  km. 
The  receiving  antenna  beam  is  pointed  directly  at  the  aircraft.  For  this  single  configuration,  the  overall 
loss,  Lg,  is  201  dB;  actually,  is  conputed  versus  range  for  the  aircraft  approaching  on  two  courses,  20° 
from  the  baseline  and  on  the  baseline.  The  receiving  antenna  is  pointed  at  the  target  in  both  cases. 

(C)  To  compute  the  received  clutter  signal,  the  same  procedure  is  applied  to  a  target  which  in  this 
case  is  a  patch  of  sea  of  area  R,^  AR,^  A0,  as  shown  in  Figure  2.  Here,  the  sea  has  an  average  bistatic 
scattering  cross  section  per  unit  area,  a°  „  of  -30  dB;  this  number  is  somewhat  lower  than  its  fully 
developed  value  of  -23  dB,  so  as  not  to  be  overly  pessimistic.  A  numerical  integration  must  be  performed, 
summing  the  powers  received  from  all  patches.  Figure  2  shows  how  the  overall  transmission  loss  is  com¬ 
puted  for  a  particular  patch,  the  i,  j-th  patch.  The  receiver  beam  is  pointed  20°  off  the  baseline. 

Figure  5  shows  the  weights  of  all  such  patches  in  their  contributions  to  the  total  received  clutter.  The 
total  loss  for  all  of  the  clutter,  computed  by  summing  the  absolute  power  received  from  each  patch,  is 
143.5  dB.  This  clutter  calculation  is  also  performed  for  the  receiver  beam  pointed  along  the  baseline  as 
well,  in  which  case  the  overall  clutter  loss  is  125.8  dB. 

(C)  Finally,  the  power  in  the  direct  signal  from  the  transmitter  to  the  receiver  is  computed.  The  latter 
is  done  for  beam  positions  20°  and  0°  from  the  baseline.  The  loss  corresponding  to  these  two  cases  is 
142.4  dB  and  94  dB. 
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(S)  Tlk’se  numbers  are  then  used  to  conpute  the  target  signal-to-clutter  ratio  (or  the  aircraft  approacli- 
ing  on  the  two  paths  as  a  function  of  range.  T(ie  results  are  shown  in  Figures  4  and  5.  In  Figure  5,  the 
notch  at  .100  km  occurs  when  the  aircraft  passes  directly  over  the  buoy,  in  which  case  the  target  signal 
becomes  very  large.  Hence  the  signal-to-clutter  ratio  drops  at  this  point. 

(C)  Figures  6  and  7  show  the  target-signal  to  direct-signal  ratios  for  the  same  two  approach  courses. 


Ill  CX)NCLUS10NS  (U) 

(S)  Several  conclusions  can  be  drawn  from  these  curves.  For  one  thing,  the  target  must  be  close  to 
the  buoy  fence  before  the  two  ratios  drop  below  about  -60  dB.  This  latter  nunber  might  be  taken  as  a 
state-of-the-art  dynamic  range  tor  a  radar  receiver  and  processor,  although  by  no  means  the  ultimate 
possible. 

tS)  Another  conclusion  is  that  the  worst  approach  path  is  the  one  aiong  the  baseline.  There,  the 
strong  direct  signal  would  tend  to  swamp  the  weak  aircraft  signal,  except  possibly  when  the  aircraft 
passes  over  the  transmitter.  Over  most  of  the  path,  the  target  echo  will  be  80  dB  or  more  below  the 
direct  signal.  Of  course,  the  better  ratio  for  the  20°  path  is  only  possible  here  because  the  beam  of  the 
receiving  antenna  is  pointed  away  from  the  buoy,  and  hence  the  direct  signal  is  weaker.  A  non-directional 
receiving  antenna  would  result  in  a  bad  ratio  for  both  aircraft  courses. 

(S)  The  above  ratios  become  better  for  the  buoy  fence  closer  to  the  shore  and  a:  ,o  for  the  aircraft 
target  at  a  higher  altitude.  Studies  similar  tc  that  done  here  are  to  be  undertaken  for  fences  at  different 
locations  and  also  for  more  realistic  antenna  patterns  and  target  cross  sections.  Phase-coded  signals, 
which  permit  exclusion  of  signals  from  all  except  the  de  ired  range  cell,  will  certainly  offer  improvement 
over  a  CW  system,  and  are  to  be  included  in  further  studies. 


AIRCRAFT  BISTATIC  CROSS  SECTION  AT  7MHz  =  40m 
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(C)  Fifurv  I.  Sample  Calcuiilion  of  Overall  Transmission  Loss  for  Signal  Reflected  from  Aircraft  Target  at  370  km  Range.  (U) 


UNCL.ASSIF«ED 


UNCL-ASSIFIED 


201 


RELATIVE  WEIGHTS  OF  L^;  FROM  VARIOUS  SEA  COJTTER  PATCHES 
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(Ul  Figure  3.  Relal».  Veighls  of  Overall  Losses  for  Various  Patches  of  Clutter.  \  High  Number  (in  dB)  Indicates  Weaker 
Received  Signal.  I U I 
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(t)  Figure  4.  Target  Signal-to-Cluller  Ratio  vs  Rai^  for  Aircraft  and  Antenna  Beam  on  20"  Line  from 
Bawline.  (U) 
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THE  BUOY  TACTICAL  EARLY  WARNING  SYSTEM  CONCEPT.  BTEW-I  (Si 


L.  Edwards 

Raytheon  Company 
Equipment  Divisica 

OHD  Advanced  Development  Department 
Spencer  Laboratory 
Burlington.  Massachusetts 

(Si  The  BTEW  concept  onginally  evolved  from  the  thought  that  OTH  surveillance  might  be  achieved, 
even  during  times  of  nuclear  blackout,  by  using  a  system  based  upon  ground  wave  propagation.  Such  a 
system  would,  in  fact,  enjoy  increased  range  and  sensitivity  at  time  of  nuclear  blackout  beca  use  lesser 
amounts  of  noise  would  reach  the  receiver  via  ionospheric  paths. 

(S)  Monostatic  Ground  Wave  Radar  systems  had  been  considered  in  the  past;  however,  it  was  well 
known  that  such  systems  achieve  long  range  coverage  only  at  the  cost  of  very  high  power.  To  overcome 
this  disadvantage  it  was  suggested  that  a  buoy  terminal  in  a  bistatic  mode  might  permit  long  range  detec¬ 
tion  while  penwr  and  system  gain  factors  were  kept  to  levels  more  attractive  from  a  cost  viewpoint. 

(Cl  Lacking  a  specifically  defined  performance  requirement  ii  was  decided  to  take  the  approach  of 
attempting  to  define  the  capabilities,  or  potential  capabilities,  of  the  concept  as  a  function  of  system  gain. 

(S)  In  general  it  is  desmed  to  determine  the  practical  usefulness  of  the  concept  as  applied  *o  the  entire 
coastal  defense  problem,  as  well  as  to  the  defense  of  specific  strategic  areas  such  as  the  Flonda  straits  or 
the  Northeast  industrial  complex. 

(S)  The  propagation  and  feasibility  tests  that  were  conducted  off  the  Florida  coast  demonstrated 
that  standard  radar  calculation  techniques,  coupled  with  Barrick’s  loss  model,  could  be  used  to  describe 
coverage  areas.  Actually  to  calculate  coverage  areas,  it  is  necessary  to  define  the  deploy  ment  concept 
being  examined,  the  vanous  system  parameters  and  the  threat  or  expected  target.  Four  different  deploy¬ 
ment  concepts  were  examined; 

•  The  monostatic  radar  case 

•  A  shore  transmitter  and  buoy  receiver 

•  A  buoy  transmitter  and  shore  receiver 

•  Buoy  to-buoy  pairs 


(S> 

I  hc  threat  cncompasM-s  targets  Ironi  the  SLCM  si/c  to  larger  hoiiiheis  and  SI  BM's  At  a 

t>  pieal  ground  wave  operating  lre<tuene>  ol  10  MM^  the  cross  M-etions  ol  these-  target-  range  Iroin  about 
!  in*  li>r  the  SLCM.  about  100  in*  tor  the  attack  bombers,  and  abenit  lO"*  m*  lor  an  SLBM  when  it 
reaches  the  lower  ionosphere  Tlic  system  parameters  chosen  lot  each  ol  thedeploymeni  concepts  ex¬ 
amined  are  shown  in  Figure  1 

iS)  The  coverage  by  the  monostatic  system  is  shown  in  Figure  1.  The  map  area  shown  covers  the 
eastern  seabi>ard  from  Boston  and  the  Mavsachusetts  ('ape  are  a  down  to  the  Washingti>n-Baltmiore- 
(liesapeakc  Bay  area  The  system  is  shown  located  on  the  lower  end  of  Long  Island  The  inner  toncentru 
circles  represent  the  range  out  to  125  km  where  detection  could  he  achieved  by  simply  pulse  modulating 
the  2(X)  kW  transmitter  with  a  100-ps  pulse.  The  outer  sector  represc-nts  the  area  that  could  be-  covered 
out  to  250  km  using  a  1-ms  (long)  pulse  with  a  10  1  pulse compressioiu ode  that  allowed  range  resolutior- 
of  .‘bout  I  5  km.  With  H-degree  a/imuthal  ressilution  provided  by  the  antennas  this  would  allow  target 
location  to  within  about  a  15  km  sejuare  at  a  range  of  about  2(K)  km 

(S)  The  additional  coverage  that  would  be  afforded  by  adding  a  buoy  receiver  to  the  complex  is 
illustrated  in  Figure  3.  This  variation  provides  coverage  out  to  300-350  km  from  the  sho'e  station 

(S)  The  coverage  provided  by  (he  Bistatic  II  Buoy  Transmitter  -  Shore  Receiver  system  i>  described  m 
Figure  1  and  shown  in  Figure  4.  Three  shore  receiver  stations  and  seven  buoys  provide  a  radar  fence  at 
200-225  km  range  from  the  Massachusetts  (  ape  area  down  the  coast  to  the  Washington  Area. 

(S)  The  Bistatic  Ifl  buoy-pair  concept  provides  limited  aircraft  coverage.  The 
buoys  can  be  spaced  at  about  ICO-km  intervals;  but  by  using  either  ground  wave  or 
satellite  telemetry  modes  back  to  shore,  they  could  provide  warning  at  greater 
off-shore  distances  plus  offering  much  greater  surveillance  of  SLBM's.  A  possible 
East  coast  buoy  fence  system  is  illustrated  in  Figure  5. 

I  S>  Figure  6  has  been  prepared  to  illustrate  the  magnitude  of  a  system  designed  to  preside  surveillance 
for  the  entire  Kastern  coast  of  the  United  States.  Ten  shore  stations  operating  both  I'.onostatically  and 
bistatically  with  about  30  off-shore  buoy  receivers  would  provide  eontinuous  coverage  from  Nova  Scotia 
down  around  the  tip  of  Florida  out  to  a  range  of  about  350  km. 

(Si  The  basic  feasibility  ot  the  BTtW-l  concept  has  been  successfully  v'.cmonstrated.  A  system  of 
modest  sue.  and  therefore  presumably  modest  eost.  can  provide  off-sht're  detection  coverage  out  to 
ranges  of  300  to  4(X)  kms.  SLBM  coverage  can  be  obtained  t(  signirieanlly  greater  ranges. 
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BUOY  RECEIVER  -  SHORE  TRANSMITTER 


Gj  =  22  dB 

Gr  -  22  dB 

F  =  10  MHz 

0  ~  100  m^ 

P^  =  l00kW(200kWPEP) 

3  dB  efficiency  loss 

Noise  -  -154  dBW/l-Hz  band 

Pr  =  Noise  +  9dB  =  -145dBW 

SEA  STATE  3 

Gy  =  22.5  dB 

G,^  =  I  dB(2dB-  I  dB) 

F  =  10  MHz 

0  =  100  m^ 

Py  =  100  kW 

3  db  efficiency  loss 

Noise  = -154  dBW/l-Hz  band 

Pr  =  Noise  +  9dB  =  -145dBW 

SEA  STATE  3 
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BUOY  TRANSMITTER  -  SHORE  RECEIVER 

BISTATIC  III 

BUOY  TRANSMITTER  -  BUOY  RECEIVER 

II 
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1  dB 

Gy  =  1  dB 

Gr  = 

22  dB 

Gr  =  1 dB 

F  = 

10  MHz 

F  =  10  MHz 

a  = 

100 

a  -  100  m^ 

Pt  = 

1  kW 

Py  =  1  kW 

Pr  ^ 

3  dB  efficiency  loss 

Noise  =  -154  dB/I-Hz  band 

Noise  +  9  dB 

Noise  =  -154  dBW/Hz  band 

Pr  =  Noise  +  14  dB 

SEA  STATE  3 

SEA  STATE  3 

(S)  Figure  1,  System  Parameter  Tabulation  (U) 
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(S)  Figure  3.  Extending  Coverage 
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3  Receiver  Stations  and  7  Buoy  Transmitters  (Si 


(S)  Figure  5.  Coverage  Map  of  Fence  Radar  Using  Buoy  Pairs  (U) 
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COMPARISON  OF  SEVERAL  BTEW  SYSTEM  CONFIGURATIONS  (U) 

J.  W.  Follin.  Jr 

Applied  Physics  Laboratory 
The  Johns  Hopkins  University 
8621  Georgia  Avenue 
Silver  Spring.  Maryland  20910 


(C)  A  relative  comparison  of  different  system  configurations  can  be  made  without  detailed  target  and 
ambient  noise  conditions  by  comparison  of  illuminating  power  at  the  target  for  several  geometries.  For 
example.  Figure  1  shows  the  power  delivered  to  a  buoy  from  a  shore  radar  with  an  aperture  of  1  kilometer 
and  an  average  power  of  I  megawatt  as  a  function  of  range  to  the  target.  Also  shown  are  the  powers 
delivered  to  a  target  from  a  buoy  radiating  one  kilowatt  isotropically.  By  comparing  these  cases  for 
which  the  power  on  target  is  identical,  it  is  possible  to  determine  the  buoy  spacing  for  which  the  signal- 
to-noise  at  the  land-based  receiver  is  the  same  for  both  systems.  It  must  be  realized  that  the  target 
aspect,  and  hence  its  radar  cross  section,  ray  differ;  and  the  Doppler  shift  expected,  especially  for  SLBMs. 
will  also  differ. 

(C)  The  second  set  of  curves  in  Figure  2shows.'»  comparison  in  which  the  system  is  run  backward, 
transmitting  from  land  and  receiving  on  the  buoy.  This  system  has  an  advantage  of  30  dB  in  average  power 
while  all  of  the  antenna  gains  are  comparable.  In  addiaon,  it  is  probable  that  the  ambient  noise  in  the 
vicinity  of  the  buoy  is  less  than  that  in  the  vicinity  of  v.ie  i.and-based  radar,  perhaps  by  10  dB.  This 
shows  that,  for  .system  ranges  of  500  kilometers  from  shore,  a  buoy  spacing  of  400  kilometers  gives 
comparable  performance  directly  between  adjoining  buoys,  and  improved  performance  closer  to  the 
individual  buoy  locations. 

(C)  For  the  skywave  case  we  oversimplified  the  ionospheric  path  to  the  line-of-sight  minus  10  dB, 
and  the  illumination  density,  as  shown  in  Figure  3.  Figure  4  shows  the  comparison  of  monostatic  versus 
bistatic.  It  is  apparent  that  rather  high  buoy  densities  are  required  to  compete  with  the  monostatic  radar 
skywave  case. 
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(C)  Figurr  3.  Comparison  of  Power  Densities  on  Ti'gel  (Ci 
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(C)  These  compansons  between  systems  only  suggest  which  one  is  preferable,  not  whether  it  can  in 
fact  cut  the  mustard,  and  more  detailed  c.'ilculations  such  as  those  presented  by  the  preceding  speakers 
are  needed  to  determine  system  effectiveness.  However,  before  final  conclusions  can  be  drawn  it  seems 
j  safe  conclusion  to  draw  that  BTKW  surface  wave  systems  are  useful,  but  for  the  sky  wave  case  much 
more  anal>sis  is  required,  especially  with  a  disturbed  ionosphere. 
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PANEL  REPORTS  (U) 


I  CONCLUSION  (U) 

A,  Path  Loss  (from  Carter  Cay)  (U) 

(U)  Average  absolute  received  path  loss  compares  well  with  predicted  average  loss  (Sea  States  0-1 ), 
to  1-:  dB. 

(Li)  Total  spread  on  received  path  loss  at  5  and  lO  MHz  compares  well  with  predicted  variations 
with  sea  state  by  Barrick;  i.e.,  about  3  dB  at  5  MHz  and  about  9  dB  at  10  MHz.  At  15  and  20  MHz, 
the  data  points  are  too  few  to  permit  any  conclusions. 

(U)  Day-to-day  correlation  between  measured  path  loss  and  predictions  based  on  hindcast  wind 
and  wave  data  is  generally  poor,  except  for  two  or  three  days  when  there  were  significant  changes  in 
sea  state.  However,  day-to-day  correlation  of  the  three  sources  of  hindcast  data  is  also  poor.  Hence, 
in  the  absence  of  actual  ocean  spectrum  measurements,  day-to-day  correlation  of  measurements  with 
predictions  is  not  expected  to  be  a  meaningful  test  of  sea  state  dependence. 

(U)  Correlation  between  5,  10,  15  and  20  MHz  path  loss  measurements  on  a  day-to-day  basis 
should  provide  some  test  of  dependence  on  sea  state.  If  more  data  points  can  be  obtained  at  5,  15 
and  20  MHz,  such  correlations  will  be  meaningful. 

(U)  Day-to-day  variations  in  path  loss  due  to  equipment  systematic  errors  are  believed  to  be  less 
than  2  dB  (Dr.  L.  Wetzel  provided  rough  calculations  to  document  this  conclusion). 

(U)  Conductivity  variations  of  the  sea  water  (based  on  analysis)  had  no  important  role  in  received 
signal  lo'*^  variations. 

(U)  Possible  effects  of  ducting  are  completely  unknown.  No  way  is  known  of  assessing  this 
factor  from  existing  measurements,  nor  are  any  predictions  or  even  estimates  available  (to  anyone’s 
knowledge)  on  the  seriousness  of  ducting  over  the  sea  at  HF. 

(U)  There  is  some  evidence  of  possible  direct  signal  spectral  broadening  due  to  the  moving  sea 
surface,  especially  at  the  higher  frequencies.  However,  limited  high  sea  state  occurences  and  possible 
contamination  by  sky-wave  make  any  final  conclusions  about  spectral  broadening  impossible. 
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B.  Sea  Clutter  (from  the  Buoy  and  Carter  Cay)  (U| 

(U)  Comparisons  of  clutter  measurements  with  wave  heights  and  directions  are  meaningful  primarily 
for  the  buoy  measurements;  too  much  of  the  area  in  the  various  range  gates  around  Carter  Cay  con¬ 
sists  of  land,  shoals,  or  shallow  water,  especially  the  significant  backsc'itter  region  behind  the  trans¬ 
mitter,  Hence,  correlations  are  to  be  based  primarily  on  buoy  data. 

((. )  buoy  measuiemcnts  were  restricted  to  only  the  5-MHz  data  for  about  10  days  in  March.  Some 
possibility  exists  for  examining  clutter  spectra  at  10  MHz  from  the  December  measurements. 

(IJ)  t'lutter  spectra  permit  detailed  analysis  only  in  the  1 1/2-Hertz,  mode,  i.e.,  si)read  out  so  that 
the  resonant  Bragg  scatter  ocean  waves  whose  Dopplers  lie  within  one  Hertz  of  the  curves  can  be 
observed. 

(U)  On  the  basis  of  existing  measurements,  the  predicted  mechanism  is  well  confirmed  from  the 
‘clutter  occupancy”  of  the  spectrum.  The  “pedestals”  predicted  for  bistatic  geometries  are  present, 
and  their  width  and  position  varies  exactly  as  predicted  throughout  the  different  range  gates,  phase 
code  rates,  and  frequencies. 

(U)  Correlation  of  5-MHz  spectra  with  expected  spectra  based  upon  ocean  wave  height  and  direc¬ 
tion  hindcast  data  for  several  days  shows  excellent  agreement  and  again  confirms  the  predicted 
mechanism. 

(U)  Total  scatter  cross  section,  as  deduced  from  measurements  on  several  days  with  moderate 
seas,  agrees  reasonably  well  with  predictions  and  with  measurements  of  Crombie,  Headrick  and  others. 
There  remain  differences  of  definition  of  but  these  will  be  resolved  so  that  more  of  these  inde¬ 
pendent  comparisons  can  be  made  directly. 

(U)  Little  can  be  deduced  from  the  measurements  about  the  region  between  the  carrier  and  the 
clutter  pedestals  during  higher  sea  states.  While  some  records  for  higher  sea  states  show  this  region 
well  filled  in  compared  to  similar  records  for  calm  seas,  too  few  such  comparisons  are  available. 

No  present  first-order  theory  offers  estimates  for  this  region  either. 

(U)  Measurements  at  5  MHz  show  higher  clutter  levels  than  would  have  been  deduced  from  the 
“cutoff’  of  the  wind-wave  models.  Often  the  latter  models  on  the  days  in  question  would  have 
predicted  no  scatter  because  of  the  absence  of  resonant  ocean  waves.  Thus  the  measurements  show' 
that  the  standard  windwave  models  are  not  reliable  in  the  lower  regions  because  of  the  presence  of 
some  longer  ocean  waves,  or  swell. 
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(S)  Agreement  between  tlieory,  the  Raytheon  measurements,  and  the  measurements  of  others  is 
so  good  that  tlie  theoretical  models  can  be  used  reliably  for  system  design  purposes  at  HF.  This  is 
especially  true  in  aircraft  or  SLBM  defense  where  high  Doppler  shifts  are  expected.  Use  of  the  model 
for  low-velocity  target  systems  (such  as  ship  detection)  must  be  tempered  somewhat  by  uncertainties 
in  clutter  level  around  the  first-order  spectral  pedestals  of  the  model. 

U.  Sea-State  Observations  (U) 

(U)  TTiere  were  three  significant  regions  of  sea  involved  in  tlie  Uarter  Cay  Cape  Kennedy 
propagation  patli:  1),  sliallow  water  near  the  Florida  coast  (about  30  km);  D  tlie  moving  currents 
of  the  Ciulf  Stream;  and  3),  the  shoal  waters  near  the  Bahamas  (about  .S5  km).  Distinctly  different 
ocean-wave  conditions  were  consistently  observed  from  the  surveying  aircraft  in  these  three  regions. 

(U)  Wind  speed  and  direction  has  been  plotted  on  a  daily  basis  at  both  Cajie  Kennedy  and  Grand 
Bahama  Island.  Wave  hindcast  data  showing  waveheight  and  direction  for  the  general  region  of  the 
.Atlantic  has  also  been  plotted  on  a  daily  basis. 

(U)  The  possible  sources  of  information  about  the  state  of  the  sea  mentioned  above  correlated 
poorly  on  a  day-to-day  basis. 

(U)  Aerial  photographs  of  the  sea  wave  were  made  for  18  days.  The  goal  of  these  flights  was  the 
direct  construction  of  isotropic  water-wave  spectra  using  the  Stilwell  coherent  optics  technique.  Due 
to  the  use  of  the  wrong  type  of  film,  such  spectra  cannot  be  computed  from  any  of  the  photographs. 

(U)  The  above  photographs  can  and  will  be  used  to  deduce  rough  information  about  ocean-wave 
directionality. 

(U)  Laser  profilometer  measurements  were  also  recorded  along  the  propagation  path  during  the  18 
flights.  Because  of  uncertainties  involving  aircraft  motion  contaminating  the  height  data,  no  usable 
ocean  wave  spectra  have  yet  been  available. 

(U)  Aircraft  motions  were  recorded  during  the  eighteen  flights  a«  an  accelerometer  output.  NRL 
personnel  have  stated  that  this  accelerometer  output  will  be  analyzed  and  the  knowledge  of  the 
resulting  aircraft  motion  spectrum  will  be  used  to  obtain  the  true  ocean-wave  spectrum.  They  have 
promised  that  these  spectra  will  be  processed  within  one  month. 

(U)  Hindcast  data  show  that  over  the  three-month  measurement  period,  the  seas  were  relatively 
calm  with  a  Sea  State  6  being  reported  only  once.  Average  conditions  appeared  to  be  Sea  State  1  to 
■Sea  State  3. 

(U)  Accelerometer  and  inclinometer  data  telemetered  from  the  buoy  is  of  insufficient  quantity  and 
reliability  to  allow  the  inference  of  sea  state  conditions. 
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li  RECOMMENDATIONS  (U) 

A.  Additional  Measurements  (D) 

(U)  The  Committee  on  I'lieory  and  Measurements  recommends  additional  path  loss  measurements. 

rile  suggestion  was  initiated  by  Dr.  Allen  Peterson  and  discussed  in  some  detail  by  the  committee. 

The  reasons  that  additional  path  loss  measurements  were  felt  necessary  are  listen  below. 

•  (U)  Path  loss  measurements  at  5,  15  and  20  MHz  at  present  appear  too  few  and 
sporadic  to  permit  conclusions  or  even  trends  to  be  established. 

•  (U)  Overlapping  days,  i.e..  days  on  which  path  loss  at  more  than  one  frequency 
was  obtained,  are  very  few.  Overlap  on  the  days  with  high  sea  states  or  high 
weather  conditions  (i.e.,  conducive  to  possible  ducting)  does  not  exist.  Without 
many  such  overlapping  days,  effects  of  the  environment  cannot  be  studied  or 
related  to  measurements. 

•  (U)  Spectral  widening  of  the  direct  signal  by  the  moving  sea  during  high  sea  states 
appears  to  be  a  possibility  from  one  or  two  records,  but  again  too  little  data  is 
available  during  higli  seas  to  permit  any  conclusions  about  this  important  phenomenon. 

•  (U)  Much  of  the  time  the  ground-wave  signal  was  contaminated  by  sky-wave. 

It  was  only  near  the  end  of  the  three-month  period  that  phase-coded  emissions 
at  5  and  10  MHz  permitted  positive  separation  of  ground-wave  from  sky-wave. 

•  (U)  The  weather  in  the  area  from  January  through  March  does  not  normally 
undergo  great  changes.  Temperature  and  seas  appear  to  vary  less  about  a  mean 
than  during  warmer  summer  months  and  hurricane  seasons. 

•  (U)  Nearly  one-third  of  the  path  crosses  shoals,  while  much  of  the  remainder 
crosses  the  Gulf  Stream.  Hence,  most  of  the  path  consists  of  water  whose  surface 
is  not  typical  of  deep-water  ocean. 

(IJ)  The  suggested  investigation  would  consist  of  and  emphasize  the  following  parts: 

•  (U)  A  long  path  over  deep  water  would  be  selected,  preferably  with  end  points 
on  land  so  as  to  reduce  expense  of  the  measurements.  The  path  should  be  .fOO  to 
400  km  long.  A  possible  path  considered  am)  recommended  stretches  between 
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(U) 

C  ape  Cod  and  iiorlliern  Maine,  near  tlie  liay  ol  Cuiu!^,  over  90  percent  of  this 
path  is  over  water  more  than  500  feet  deep.  Reported  seas  in  this  area  are  quite 
high  and  often  intluenced  by  Nortlieasterly  storms  idowing  nearly  parallel  to  the 
propagation  path. 

•  (C)  I’hase-coded.  highly  stable  signals  at  5,  10,  15  and  20  MH/  should  be  em|)loyed. 
The  phase-code  is  necessary  to  ensure  separation  ol  the  ground-wave  from  the 
skv-wave. 

•  (U)  Path-loss  measurements  should  be  made  twice  daily  over  a  period  ol  five 
months.  I'he  measurement  period  chosen  should  include  both  summer  and  winter 
weather. 

•  (LI)  Field-strengtii  probes  should  be  used  daily  to  calibrate  the  main  transmit  and 
receive  antennas.  The  field  structure  from  the  main  antenna  out  along  the  beach 
and  into  the  water  should  also  be  probed,  at  least  once  during  the  period. 

•  (U)  The  main  antennas  should  be  kept  simple,  i.e.,  vertical  ejuarter-wave  monopoles. 

•  (C)  Path-loss  signals  for  the  ground-wave  should  be  measured  in  Range  Cate  0, 
i.e.,  the  range  gate  corresponding  to  the  arrival  time  of  the  direct  signal.  Spectral 
processing  should  be  available  so  as  to  allow  better  than  0.01 -Hertz  resolution. 

This  will  permit  a  study  of  direct  signal  broadening  due  to  sea  wave  motion  and 
(possibly)  atmospheric  turbulence. 

•  (U)  Range  Gates  1,  2,  3.  4,  etc.  should  also  be  spectrally  examined  (occasionally) 
to  permit  study  of  sea  clutter  and  sky-wave  signals. 

•  (C)  One  wave  spar  should  be  used  to  measure  and  telemeter  the  isotropic  ocean 
wave  spectrum  somewhere  near  the  path  midpoint. 

•  (U)  Pidsed  sea  backscatter  measurements  should  be  made  near  the  receiver  site, 
in  the  manner  reported  by  Crombie  in  his  papers  presented  in  these  proceedings. 
These  measurements  appear  to  allow  fairly  accurate  and  inexpensive  calculation 
of  the  isotropic  ocean  waveheight  spectrum. 

•  (U)  llindcast  wind  and  wave  data  should  be  collected.  Also,  quantitative 
meterological  data  versus  altitude  and  position  should  be  gathered  where  possible 
to  permit  calculation  and  study  of  the  refractivity. 

•  (U)  Signal  strength  versus  range  should  be  measured  at  least  once  during  the 
experiment.  This  could  be  done  with  a  transmitter  on  a  small  boat  or  from 
various  other  shore  points. 

•  (U)  Horizontal  polarization  near  the  receiving  antenna  should  be  measured  several 
times,  especially  during  high  seas.  This  will  indicate  the  presence  of  any  de¬ 
polarization  from  steeply  sloping  wean  waves. 
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B.  Additional  Processing  of  Existing  Data  (U) 

(U)  NRL  should  be  asked  to  complete  analysis  of  wave  data  from  their  profilometer  records  for 
the  18  flights.  This  ocean-wave  data  should  be  plotted  beside  the  path  loss  measurements  for  the 
same  days. 

(U)  Raytheon  should,  where  possible,  process  and  plot  more  points  of  path  loss  on  5,  15  and 

:0  Mlk. 

(LI)  The  total  number  of  reliable  path-loss  points  on  each  frequency  should  be  calculated. 

(U)  Tlie  mean  and  variance  of  the  path  loss  signals  on  each  frequency  should  be  calculated. 

(U)  Mean  and  variance  of  expected  (or  predicted)  path  loss  should  be  calculated  for  each  frequency 

based  on  the  hindcast  waveheight  data  on  the  days  of  observations. 

(U)  Averages  of  several  clutter  spectral  records  in  the  IVr Hertz  mode  should  be  made,  especially 
for  days  such  as  March  23  and  March  26  when  clutter  is  clearly  in  evidence.  These  averages  should 
be  made  over  a  duration  for  several  independent  samples  (an  independent  sample  in  the  IVi-Hertz 
mode  is  162  seconds  long). 
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TASK  ABSTRACTS  (U) 

THEORETICAL  STUDIES;  CALCULATIONS  SURFACE  WAVE  (U) 

Organization  (U) 

(U)  Battellc  Memorial  Institute 

Specific  Objective  (U) 

(LI)  Determination  of  surface  wave  attenuation  and  clutter  as  a  function  of  sea  state,  range, 
frequency  and  aspect  angle. 

System  Concept-Relation  and  Importance  (U) 

(U)  Important  to  all  concepts  where  surface  wave  propagation  is  involved  in  predicting  the  clutter 
amplitude  and  doppler  of  the  sea  and  the  range  performance. 
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THEORETICAL  STUDY-ATTENUATION  OVER  IRREGULAR  INHOMOGENOUS  TERRAIN  (U) 

Organi£aliuii  (U) 

(ID  I  SSA 

Specinc  Objective  (U) 

|U)  Development  and  application  of  theoretical  techniques  for  determining  the  surface  wave 
attenuation  over  surfaces  having  different  dielectric  constants  and  conductivities. 

System  Concept-Relation  and  importance  (U) 

(U)  Applicable  in  predicting  system  performance  where  surface  wave  is  used  and  land  sea  inter¬ 
faces  occur.  Typical  examples  involve  an  antenna  located  on  land  and  using  surface  wave  for  trans¬ 
mission  or  reception;  or  where  energj'  used  in  surface  wave  mode  must  traverse  an  island.  This  is 
important  in  determining  system  losses  that  reduce  range  or  cause  shadow  zones  (e.g.,  islands). 
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BISTATIC  SEA  ATTENUATION  AND  CLUTTER  MEASUREMENTS  (U» 


Organi/atiun  (U) 

(U)  Raytheon 

Specific  Objectives  (U) 

(II)  Substantiated  the  theoretical  calculations  of  attenuation  and  clutter  of  surface  wave  propaga¬ 
tion  as  a  function  of  sea  state,  frequency,  distance,  and  aspect  angle. 

System  Concept-Relation  and  ImporUnce  (U) 

(S)  Applicable  in  predicting  the  performance  of  all  systems  where  ocean  surface  wave  is  used 
in  propagating  to  and/or  from  target. 
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MONOSTATIC  SEA  CLUTTER  MEASUREMENTS  (U) 


Organization  (U) 

(Cl  ISSA 

Sixccific  Ol^tive  (U) 

IC)  Determine  and  correlate  with  sea  >tatc  the  monostatic  clutter  siH'ctrum  as  a  tunction  ot  range 
(1)-I50  km)  a’ld  frequency. 

System  Concept-Relation  and  Importance  (U) 

(C)  Important  in  predicting  range  performance  and  clutter  rejection  requirements  of  a  land 
based  or  ship  based  monostatic  radar. 


SLBM  CROSS-SECTION  (U) 


Organization  (U) 

(U)  Stanford  Research  Institute 

Specific  Objective  (U) 

(S)  Compile  and  summarize  the  available  data  on  the  theoretical  calculation  and  measurements 
of  SLBM  cross-sections. 

System  Concept-Relation  and  Importance  (U) 

(Si  Required  for  the  design  and  performance  prediction  of  HF  radar  systems  against  SLBM's. 
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SHIP  CROSS  SECTION  MODEL  MEASUREMENTS  (U) 


Organization  (U) 

(U)  Stanford  University 

Objective  (U) 

(S)  Calculate  theoretically  and  measure  experimentally  cross-sections  of  two  representative  scale 
model  ships  as  a  function  of  frequency,  aspect  angle  and  polatizalion  at  HF. 

System  Concept-Relation  and  Importance  (U) 

(C)  Required  to  determine  ship  detection  system  performance  alculations. 
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SHIP  CROSS-SECnON  MEASUREMENTS  (U) 


Organization  (U) 

(U)  Naval  Research  Laboratory 

Objective  (U) 

(C)  Measure  cross-sections  of  actual  ships  at  specific  aspect  angles  and  frequencies  with  the 
MADRE  radar. 

System  Concept-Relation  and  Importance  (U) 

(C)  Demonstrates  ^hat  ships  can  be  detected  using  pulse  Doppler  Radar.  Provides  check  points 
at  specific  frequency  and  aspects  to  correlate  with  model  measurements.  Provides  input  for  system 
performance  calculations. 


WAKE  STUDY  (U) 


Organization  (Ui 
(U)  KSSA 

Specific  Objective  \U) 

(S)  Determine  theoretically  the  size,  aspect,  frequency,  and  spectral  characteristics  of  ship  and 
submarine  wakes  applicable  to  HF  radar. 

System  Concept-Relation  and  Importance  (Ul 

(S)  Ship  wakes  may  be  of  sufficient  size  and  spectral  characteristics  so  as  to  enhance  the  nominal 
ships  cross-section  and  increase  the  capability  to  detect  and  track  ships. 

(S)  Under  certain  high  speeds  and  shallow  depths  of  travel  submarines  may  produce  wakes  that 
are  detectable  with  HF  radar. 


FLEET  AIR  DEFENSE  (FAD)  TEST  NO.  lA  (U) 


Organization  (U) 

(U)  ITT-Electro  Physics  Laboratory/Naval  Research  Laboratory 
Objective  (U) 

(S)  To  conduct  an  initial  demonstration  of  the  feasibility  of  detecting  and  tracking  aircraft  with 
the  Fleet  Air  Defense  (FAD)  concept  using  distant  sky-wave  illumination  from  a  ground-based 
transmitter  and  receiving  the  target  reflected  energy  via  a  surface  wave  to  a  land-based  receiver. 
Compare  the  concept  using  two  different  signal  formats. 

System  Concept-Relation  and  Importance  (U) 

(S)  An  important  initial  demonstration  to  ensure  there  are  no  major  problems  in  the  basic  con¬ 
cept  prior  to  proceeding  with  a  shipbome  receiver  installation.  Ensures  that  dynamic  range,  target 
cross-polarization  cross-section  and  clutter  can  be  handled  by  known  technology.  The  concept  is 
important  in  providing  a  silent  fleet  surveillance  capability. 


SECRET 


MONOSTATIC  DOPPLER  SEA  CLUTTER  MEASUREMENTS  ( U ) 


Organization  (U) 

(U)  Naval  Research  Laboratory 

Speciflc  Ol^tive  (C) 

(S)  Determine  the  Doppler  characteristics  of  sea  clutter  using  the  MADRE  radar. 

System  Concept-Relation  and  Importance  (U) 

(S)  Provides  typical  Doppler  sea  clutter  records  for  the  design  of  pulse  Doppler  ocean  surface 
surveillance  radan.  Measurements  are  limited  in  frequency  range  (10-26  MHz)  and  at  a  specific 
fixed  frequency  at  any  one  time. 
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MONOSTATIC  HIGH  RESOLUTION  SEA  CLUTTER  MEASUREMENTS  (U) 


Organization  ( U ) 

(U)  Stanford  University 

S|)ccific  Objective  (U) 

(Si  Determine  the  amplitude  and  polarization  characteristics  of  sea  scatter  in  azimuth  and 
FM,'CW  high  resolution  techniques. 

System  Concept-Relation  and  Importance  (U| 

(S)  It  may  be  possible  to  detect  ships  on  the  surface  of  the  ocean  on  a  power  basis.  That  is  if 
resolution  cell  size  is  reduced  in  range  and  azimuth  until  its  cross  section  due  to  sea  clutter  is  less 
than  that  of  the  ship. 


SHIP  AHOY  NO.  I A  (U| 


Organuation  (U) 

(U)  Stanford  University 

Objective  (Ui 

tS)  Investigate  the  feasibility  of  detecting  ships  using  an  FM/('W  technique  on  a  power-only 
basis  by  reducing  the  size  of  the  range  azimuth  cell. 

System  Concept-Relation  and  Importance  (U) 

(S)  The  Doppler  radar  technique  will  not  detect  ships  with  low  radial  velocities  or  that  are 
stationary.  This  concept  will  permit  detection  of  ships  under  such  circumstances. 


BUOY  TACTICAL  EARLY  WARNING  <BTEW)  TEST  NO.  I  (S) 


Organualion  (U) 

(U)  Raytheon 

Objective  |U) 

(S)  Conduct  an  initial  demonstration  of  detecting  aircraft  and  missiles  using  the  BTEW  concept, 
transmitter  on  a  buoy  with  a  land-based  receiver  in  real-time  at  short  ranges  using  surface  wave 
propagation. 

System  Concept-Relation  and  Importance  (U) 

(S)  The  use  of  the  BTEW  concept  can  provide  coverage  beyond  microwave  radar  coverage  and  in 
the  skip  /.one  of  OHD  backscatter  skywave  radar  coverage  for  CONUS  defense  and  special  tactical 
applications.  The  technique  is  not  dependent  on  the  ionosphere  and  can  operate  after  a  nuclear 
detonation.  In  fact  after  a  nuclear  detonation,  galactic  and  other  user  noise  will  decrease  and 
coverage  of  this  concept  will  be  increased. 


SECRET 

BUOY  TACTICAL  EARLY  WARNING  (BTEW)  TEST  NO.  2  (S) 

Organualion  (U) 

(U)  Sylvania 

Ot^tivr  (U) 

(S)  C  onduct  an  initial  demonstration  of  the  detection  of  aircraft  using  the  BTEW  concept. 
tranMiiitter  on  a  buoy  with  a  land-based  receiver  in  real-time  at  long  ranges  using  surface  wave 
propaption  from  transmitter  to  aircraft  and  sky-wave  from  aircraft  to  receiver. 

System  Concept-Relation  and  Importance  (U) 

(S)  The  use  of  the  BTEW  long  range  concept  should  extend  the  range  of  SLBM  and  aircraft 
coverage  beyond  the  range  of  OHD  sky-wave  backscatter  radar. 
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